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BKK CORPORA1J!ON 2550 237TH STREET ¯ P.O. BOX 3038 ¯ TORRANCE, CALIFORNIA 90510
(213) 539-7150

May 21, 1984

California Regi&nal Water Quality Control Board -

Los Angeles Region
107 South Broadway, Suite 4027
Los Angeles, California 90012

Attn: Mr. Rob'ert P. Ghirelli
Executie Officer

Honorable Member:

In compliance with your letter of April 20, 1984, as amended, BKK
Corporation is submitting herewith several reports which constitute a plan
and time schedul for completing the detailed investigation of the BKK
Disposal Facility and the affected surrounding areas and recommending cer-
tain early mitigtion measures.

This response ha been generated through our efforts and those of several
consultants with primary responsibilities as follows:

Site Characterization Plan - LeRoy Crandall and Associates

Liner and Barrier Study Plan -

Subsurface Mktigation Plan -

Development Plan for Landfill
Gas Controb. and Recovery - Mandeville & Associates

Plan for Developing a Surface
Hydrology Model - Williamson & Schmid

Management PiLan for the
Disposal of Leachate and
Collected Waters - BCL Associates, Inc.

Sampling Prooco1s - BCL Associates, Inc.

Analytical ahd Quality
Control Prbtocols - BCL Associates, Inc.

Safety Plan for Investigations - BCL Associates, Inc.
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For site characterization, the Crandall organization outlines studies to

date and the remaining existing and new tasks yet required to complete the

hydrogeologic s!tudies. Included is a time line for the completion of stu-

dies and analysis, based on a planned, orderly sequence for the remaining
work.

The revised lirer and barrier study by Crandall details the test procedure
for Barriers 1 and 2 to determine their adequacy.

Crandall and Asociates' preliminary draft of subsurface mitigation
measures discuses the two areas with potential for movement of liquids
outside the Class I area. Alternative measures are discussed. The pumping
trough alternatlive is preferred. Crandall's position is that certain of
these mitigatin methods could be implemented now since the charac-
terization studies are sufficiently complete to identify remedial measures
that can be expected to prevent future liquid migration should it occur.

Mandeville's contribution puts gas migration and control into perspective.
His maps and diialogue outline an effective plan to control landfill gas
movement. Indlications from water samples taken at several locations pro-
vide strong evildence that such contaminants as have been found in the water

samples are du to gas transport.

The leachate management plan presented by BCLA assesses the need for per-
manent and intrim liquid management. In order to facilitate current

exploratory studies, the recycling of leachate and other collected waters

which may not e readily treated for on-site uses, including disposal in

new, dry municilpal refuse is outlined.

The sampling, analytical and quality control protocols, as itemized by BCLA

outline procedures to be followed to establish the highest level of
reliability for testing.

The Safety Plax, developed by BCLA, ensures the health and welfare for the
workplace and the surrounding community.

With these subi
concerns and r
your approval,
select.

iittals, BKK feels that it has adequately responded to your
quirements. We are pleased to submit these work plans for
and we stand ready to discuss or clarify any issues you

Sincerely,

Robert L. Litzenbe
Chief Engineer

Enclosures



TABLE OF CONTENTS

Section

/1 Site Characterization Plan

2 Liner and Barrier Study Plan

3 Subsurface Migration Plan

4 Development Plan for Landfill Gas Control and Recovery

5 Management Plan for Disposal of Leachate and Other
Collected Site Waters

6 Sampling Protocols

7 Analytical and Quality Control Protocols

8 Safety Plan for Investigations

9 Statement of Provisions for Gaining Access

10 Certification of Consistency

11 Contributing Consultants

_&

cp- Lr

rA



SITE CHARACTERIZATION PLAN



LeROY CRANDALL AND ASSOCIATES consulting geotechnical engineers, 711 n. alvarado St., losangeles, Ca. 90026, (213) 413-3550

May 18, 1984

BKK Corporation
2550 237th Street
Torranc, California 90510 (Our Job No. E-83124-E)

Attention: Mr. Ken Kazarian
Vice President

Gentlemen:

Site Characterization Plan
BKK Landfill
West Covina, California

Transmitted herewith is our Site Characterization Plan as
required by the Regional Water Quality Control Board letter dated April
20, 198k. The plan has been discussed with Messrs. Gastelum and Litzen-

berg.

Should you have any questions, please do not hesitate to call.

Yours very truly,

LeROY CRANDALL AND ASSOCIATES

by
Glenn A. Brown, C.E.G. 3
Director of Geological Services

GAB/D59
(25 copies submitted)
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SITE CHARACTERIZATION PLAN

INTRODUCTION

It is the purpose of this site characterization plan to meet the

cacterization plan requirements of the Regional Water Quality

Control Board's letter dated April 20, 1984, as amended, and EPA Admin-

istrative Order of Consent agreed upon by BKK Corporation and EPA on

April 24, 1984. The letter and the Consent Order require BKK Corpora-

tion to submit a plan to completely determine the hydrogeology of the

BKK disposal site and the affected surrounding area in adequate detail

to characterize any movement of contamination originating from the BKK

facility.

In the development of this plan, we have fully considered the

magnitude of the hydrogeologic work accomplished to date. This work has

been accomplished in response to DOES Field Memorandum, rather than

previously submitted plans (see Submittals to DOES, dated November 2,

1983 and March 23, 1984). This prior work has included detailed geo-

logic mapping of the 583-acre parcel at a scale of 1" = 200', and the

east-central portion of the site at a scale of 1" = 50'. In addition to

the surface investigation, 5 core holes, 19 monitoring-extraction wells,

and 20 bucket auger borings have been drilled and logged. Ninety-five

test pits have been excavated and logged.
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The site characterization study presently underway under the

of DOHS, requires the drilling of a mjnimum of five more core
i_4 ok ' L

1kxrea1r±ee-t,).. This is in addition to the six core holes

which haebeen-completed or are partially completed at this time.

Before full characterization of the site is accomplished, addi-

tional time will be needed to recheck some of the geologic mapping, and

to prepare geologic sections which will depict the general framework of

the site in the third dimension. It has already been established that

the geology of the site has been extremely complicated by minor faulting

and folding. The faulting and folding will

movement, and does not rule out the use of proven mitigation methods.

The additional site characterization will provide useful information,

but further work much beyond that which is described herein, in our

opinion is beyond the point of diminishing return. Sufficient char-

acteriztion has been completed, however, to design and recommend an

effectie mitigation program at this time.
i.yv1

The subsurface data coupled with the geologic mapping efforts to

date have indicated that in terms of hydraulic integrity, there are -

..p.timay areas around the perimeter of the landfill where a potential for

liquid contaminant escape from the waste management as ex±s

These aieas have been termed "Area A", located along th southeastern

propert line in the vicinity of Miranda Street, and "Area B", located

in the lower reaches of the stream channel at a topographic constriction

betweenAzusa Avenue and the BKK office complex. Potential movement
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from Area A and Area B can be controlled by means described in detail in

the Subsurface Mitigation Plan.

ADDITIONAL GEOLOGIC FIELD WORK

Recent subsurface exploration, including the drilling of 14

bucket auger borings, between monitoring well sets MW-18A--B and

MW-19A--B, indicates the presence of a very tightly folded sequence of

sedimentary rock or the presence of a fault zone accompanied by severly

contorted bedding. The understanding of the hydraulic significance of

this fe ture requires a considerable amount of additional geologic field

work.

It is our opinion that if a fault is found to be present, it may

,, partial or entirely sever the hydraulic continuity of the sandstone

bed in Area B, thus lessening concerns about hydrologic integrity. The

'
suspected fault feature appears to be a splay off the San Jose Fault,

which is a known barrier to ground water movement in the vicinity of the

7 ' c,
City of Pomona.(lthough such a faulting pattern would provide an

additional natural barrier to liquid movement)the mitigation measures

outlinec in our Subsurface Mitigation Plan are still recommended for

complete assurance of containment.

additional site characterization activity which is beyond

our oriinal anticipation, is therefore required. This new work can be

divided into the following tasks: 1) geologic mapping, 2) excavation of

test pits, 3) core drilling, and 4) the construction of monitoring-

extraction wells for mitigation (liquid extraction). The location of

the area to be mapped is shown on Figure 1, Location Map.

F
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est pits will be excavated by backhoe equipment within the area

ped. The pits will be located by the field geologists on an

ed basis. Therefore, the number of test pits cannot be stated

to be

a

at this time.

The geologic data presently available suggests that core holes

should be drilled in at least two pairs at the locations shown on Figure

1. It ould be the purpose of the core hole pairs to straddle the

inferred feature and to gather lithologic information, water level data,

and fluid samples for chemical analyses. The core holes would also be

tested for permeability in accordance with U.S. Bureau of Reclamation

test designation E-18. Should contaminants be found on the southerly

side of the fault and/or fold feature, an appropriate number of monitor-

ing-exttaction wells would be constructed.

TIME SCHEDULE

The estimated times to complete the above outlined tasks are

presented on Figure 2, Time Schedule. These are realistic estimates

based on performing each task in a planned sequence, allowing for an

orderly procedure and the procurement of necessary permits. Time

schedules established in the past are meaningless due to such inter

ference.
O ( L

2

r



SITE CHARACTERIZATION TIME SCHEDULE
(As of May 15, 1984)

? \

PROGRAM May June August September October

1.0 EXISTING STUDY

1.1 Field Check Mapping
-

1.2 Core Drilling (5 holes)
-

1.3 Geologic Sections (12)

1.4 Monitoring Wells (7)

2.0 NEW STUDY

2.1 Geologic Mapping

2.2 Test Pits (12)
_______

___________

2.3 Core Drilling (4 holes)

3.0 MITIGATION

3.1 Monitoring-Extraction Wells
1-

4.0 PREPARATION OF REPORT

No1I: Drilling schedule contingent upon availability ot 4 core drilling machines and 2 rotary drilling machines.
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LeROY CRANDALL AND consulting geotechnicat engineers, 711 n. alvarado St., los angeles, Ca. 90026, (213) 413-3550

May 17, 1984

w

BKK Corporation
2210 Azi!isa Avenue
West Co'ina, California 91792 (Our Job No. E-83124-F)

Attention: Mr. Tom Nuckols

Gentlemen:

Liner and Barrier Study Plan
BKK West Covina Landfill

Transmitted herewith is our Liner and Barrier Study Plan, which
is being submitted in accordance with DOHS Field Memorandum No. 37,
dated My 11, 1984. Due to the short time frame allowed for its prep-
aration we have not been able to incorporate any of the methodology
suggestd in Appendix I to the revisions to Subchapter 15 dated April
16, 198. This appendix presents a "Step-by-Step Guide to Clay Liner-

Leachate Compatibility Testing", which is new, and none of our normal
analytia1 laboratory services have any experience with the guidelines.

The required time schedule considers the testing of some of the
core holes being drilled for the site characterization study. There-
fore, this testing will cause an overlap in the two studies.

- please
Should you have any questions concerning the enclosed plan,
:all us.

Respectfully submitted,

LeROY CRANDALL AND ASSOCIATES

p.

GAB/D5 9
(25 cop

by
Glenn A. Brown, C.E.G. 3
Director of Geological Services

s submitted)
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LINER & BARRIER STUDY PLAN

BKK WEST COVINA LANDFILL

37, we are submitting this Liner and Barrier Study Plan. This study

plan supersedes our previous plan which was submitted on November 2,

1983. The requirements of the ISD concerning the Liner and Barrier

study are listed below:

(ISD) arkd modified in accordance with Field Memorandum Nos. 21, 24 and

V

Page 1

As requested by the amendments to the Interim Status Document

(i) The amounts of liquid which are able to pass
through, under or around Barrier 1 and/or Barrier 2 under
all conditions reasonably expected to exist at the land-
fill; and

(ii) The extent to which each of the materials, used in
Barrier 1 and/or Barrier 2 or relied upon as a liner for
the facility to prevent the downward or lateral migration
of hazardous waste constituents, are chemically and
physically resistant to all those liquids which are
reasonably expected to come into contact with those
materials; and

'1

\f
Barrier

carried

act ivi t

(iii) The numerical permeability and attenuation charac-
teristics of each of the materials, used in Barrier 1
and/or Barrier 2 or relied upon as a liner for the
facility to prevent the downward or lateral migration of
hazardous waste constituents.

ITEM (i)

In response to (i) above, we submit the following with regard to

1. We are recommending that the testing of Barrier No. 1 be

out in the following manner, following a number of preliminary

es.
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PREL TARY PREPARATION BARRIER 1

Page 2

cL4 :;

1. Abandon existing monitoring wells MW-lA and 1B, MW-2A and

2B, MW-3A, B and C, MW-4A, B and C, MW-5 and MW-9. Each well should be

abandon
(

bentoni

occurs.
V

by injecting a mixture of equal parts of portland cement,

and clear water under the forofavity until refusa

2. Discontinue pumping of Barrier No. 1 well MW-8 and well

MW-18B until the water levels in these wells approach an equilibrium

condition. It is assumed that this condition shall be reached after 4

or 5 days. However, in order to preclude the possibility of contami-

nated water migrating downgradient from the Barrier, pumping shall be

resumed in the event the recovering water level in MW-6B reaches an

elevation equal to the elevation of the water level in MW-18B.

3. Provide for the continuous operation of automatic water

level rcorders in wells MW-20A, B and C, MW-23B and MW-18A.

4. Provide for the continuous recording of the electrical

conduct!Lvity of effluent from well MW-8.

TEST

Testing of Barrier No. 1 shall include, but not be limited to

the following activities:

a 5-day

1) Pump well MW-8 at a constant rate that can be maintained for

period.

2) Collect a water sample from all the above mentioned monitor-

ing wells within two hours after the commencement of pumping for routine

chemical analyses.
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Q

3) Collect water samples from well MW-8 after each 12-hour

interval during the first day of the test, and every 24 hours there-

after.

4) Collect water samples from each well in the vicinity of

Barrier No. 1 at the conclusion of the test.

5) Measure static water levels in all wells within one hour

prior to the commencement of pumping, including the recently constructed

piezometers in the vicinity of the Barrier.

6) Measure water levels in wells MW-6A, 6B, 7, 8, 23A and 24A

at each 15-minute interval during the first 2 hours of pumping, on
(,_' '(-,-

30-minute intervals during the next 2 hours, on 1 -hour intervals during

the next 20 hours, and then on 4-hour intervals during the remainder of

the test.

7) Measure water levels in the surrounding piezometers at each

12-hourinterval throughout the test.

8) Prepare a preliminary report on the results of the Barrier

test which shall include:

a. A physical description of the Barrier, and all
- associated monitoring wells.

b. A tabulation of all data obtained during the test.

c. Hydrographs of wells equipped with automatic water

level recorders and drawdown graphs of water level
- changes in other wells.

d. A summary of electrical conductivity and chemical
analyses obtained during the test.

e. Conclusions regarding the effectiveness of the
- Barrier in preventing the downgradient migration of

contaminated ground water.
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f. Recoinniendations regarding the continued operation
of the Barrier.

It is assumed that recommendations for the continued operation

of the arrier will include the abandonment of wells MW-6A and 6B by

grouting. In such case, further testing of the Barrier may be needed to

demonstrate its effectiveness.

PRELIM1J1ARY PREPARATION BARRIER 2

The methods employed for the testing of Barrier 2 will be

essentially the same as those used at Barrier 1, although the prelimi-

nary preparation will require more work.

PRELIMITARY PREPARATION

1) Complete the construction of monitoring wells MW-26, MW-27A,

and B, and MW-28.

2) Abandon existing monitoring wells MW-13, 14 and

3) Repair existing extraction wells MW-1O and 11 which will

require the following work:

a. Make a traverse of each well with a 6-inch bailer
or 10-foot length of 6-inch pipe to determine plumb-

ness of the well casings.

b. Assuming each well casing is reasonably plumb,
bail each well to remove accumulated sludge and
redevelop each well by additional bailing.

c. Install 6-inch PVC well screens with 120 0.040-

inch horizontal slots per foot in the zone below the
water table.

d. Install a 3/4-inch sounding pipe in each well.

e. Determine the continuous pumping yields of 1-1O
and 11.
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f. Install a small capacity Grundfoss stainless steel
submersible pump in either MW-1O or 11, with appropri-
ate discharge control devices.

g. Install an automatic water level recorder at

either MW-1O or 11.

h. Install a pump motor control system that has
sufficient flexibility to insure that the extraction
well can be pumped continuously, or on a predetermined
cyclical basis.

i. Install an automatic conductivity recorder to

measure continuously the conductivity of well ef-
fluent.

4) Provide for the continuous operation of automatic water

level recorders at well MW-17B, MW-26, MW-27A and B, and MW-28.

TEST PROCEDURE

Testing of Barrier 2 shall include, but not be limited to the

following activities:

1) Pump well MW-1O at a constant rate that can be maintained

for a 5 -day period.

2) Collect a water sample from all the above mentioned monitor-

ing we1

of pump:

12-hour

thereafi

Barrier

s immediately before or within two hours after the commencement

ng for routine chemical analyses.

3) Collect water samples from well MW-IO or 11 after each

interval during the first day of the test, and every 24 hours

er.

4) Collect water samples from each well in the vicinity of

No. 2 at the conclusion of the test.
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5) Measure static water levels in all wells in the vicinity of

the Bariier within one hour prior to the commencement of pumping.

6) Maintain the continuous operation of the automatic water

level recorders at wells MW-17B, MW-27, MW-27A and B, and MW-28.

7) Prepare a preliminary report on the results of the Barrier

test which shall include:

a. A physical description of the Barrier, and all
I associated monitoring wells.

b. A tabulation of all data obtained during the test.

- c. }iydrographs of wells equipped with automatic water

level recorders and drawdown graphs of water level
changes in other wells.

d. A summary of electrical conductivity and chemical
analyses obtained during the test.

e. Conclusions regarding the effectiveness of the
Barrier in preventing the downgradient migration of
contaminated ground water.

f. Recommendations regarding the continued operation
- of the Barrier.

In the event existing monitoring wells MW-13, 14 and 15 are not

properl destroyed prior to testing, further testing of the Barrier may

- be needed to demonstrate its effectiveness.

ITEM (ii)

Item (ii) requires the testing of each of the materials used in

- Barriers 1 and 2, and the material relied upon as a "liner't.



rA

V

V

E-83124-F Page 7

SOIL TESTING

To obtain information on the design and construction of the

Barriers, the available reports prepared by Pacific Soils Engineering,

Inc. have been studied in detail. Based on the construction details, we

plan tolocate the site of four boreholes on each barrier. We will also

drill three borings in each of the three major lithologic units (lower

shale, sandstone, middle shale) to obtain "liner" samples. The borings

will be drilled with an 18-inch-diameter bucket auger. Drive samples

will be taken of the different materials of those used in the construc-

tion of the barrier, with the exception of the gravel. The following

laboratory tests will be performed on representative soil samples to

obtain 1ata on their physical characteristics.

dete

o Soil Classified per Unified Soil Classification System
(ASTM D 2487)

-7
o Soil Gradation (Sieve) Test (ASTM D-422) J

o Liquid Limit Test (ASTM D-423)

o Plasticity Index (ASTM D-424)

o Permeability (ASTH D-3385)

o Soluble Sulfate (ASTM D-516B)

o Soil pH (USDA Handbook 60)

o Soil Expansion Index (Uniform Building Code Standard
#29- 2)

Clay materials will be subjected to x-ray diffraction tests to

their clay mineral composition. This information will be

utilizeI in determining the susceptibility of the clays to base exchange.
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The permeability of a soil is that physical characteristic most

likely to be affected by change in the chemical composition of the

differetit types of waste fluids.

o investigate the effect of waste fluid on the permeability of

the barxier materials and bedrock, we suggest that the U.S. Bureau of

Reclamaion, Field Permeability Test Designation E-18 and E-19 be

utilized for this purpose. The choice of test will be dependent on

field cdnditions.

Boreholes will be drilled to varying depths within a given type

of material, and the test performed with clear water. When clear water

baselind data has been obtained, the liquid will be changed to those

fluids dbtained in the vicinity of the barriers. The test procedures

will be continued until new permeability data Is obtained. The results

of the tests will be compared to determine if leachate has an affect on

the matrials. Three such tests are planned on each soil material and

bedrock at each barrier.

FIELD TEST PROGRAM

The method to be used to conduct the infiltration tests is

0

describd in U.S. Geological Survey Water Supply Paper 1544-F (1963).

The infLltration test method is actually a constant head field permea-

bility test. A constant head of water above the ground surface will be

maintained in the cylinder ring throughout the test. A float actuated

valve will regulate inflow to the cylinder ring. Water will be conveyed

to the ring from two 55-gallon drums. Water level application rates
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will becontinuously measured by a water level recorder on the supply

drums. The method to be utilized to analyze the test data is presented

in "Irrigation Principles and Practices" by 0.W. Israe1son (1963) and in

"Earth Manual", a publication by the U.S. Bureau of Reclamation (1960).

It should be noted that the investigation of attenuation, called

for in Appendix C to the December 20th Agreement with DOHS, has been

V.

presently excluded from the study by Field Memorandum No. 21, dated

March 14, 1984.

We propose to conduct a total of nine of the above infiltration

test, three in the lower shale unit, three in the sand unit, and three

in the middle shale unit. The tests would be conducted in the unweath-

ered zone only.

PRESSURE TESTS

We are currently performing pressure tests on the core holes

which are being drilled as part of the site characterization study. We

suggest that C-7, when drilled, be utilized as the site of the first

pressur test utilizing leachate fluid because of its location away from

the property line. As other core holes are drilled for the site charac-

terization study within the central portion of the site, the same

procedure of first testing with clear water, then leachate, would be

followed.
V.

V.
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ITEM (iii)

Paragraph (iii) requires the determination of numerical perme-

ability and attenuation characteristics of each of the materials used in
V

the construction of Barriers 1 and 2 and the liner. Permeability data

will be derived from the tasks described under Paragraphs (ii) and (ii).

Both laboratory and in Situ tests will be performed and reported upon.
V

-o0o-

V

V

V

V

V

V

V



WORiC SCHEDULE

LINER AND BARRIER STUDY PLAN

BKK WEST COVINA LANDFILL

Task Month No. 1
(-June-)

Month No. 2
(Juiy)

Month No. 3
CAiigtrst)

Month No. 4
Stbe)

Month No. 5
(OöbeY

(i) ANALYSES OF BARRIER
NOS. 1 AND 2

1. Test Barrier No. 1

2. Test Barrier No. 2

3. Analyze Test Data

(ii) MATERIAL TESTING

1. Bucket Auger Drilling

2. Laboratory Testing

3. Pressure Tests

4. Infiltration Tests

(iii) PERNEABILITY REPORTING

F-

i-

(.)

-i-
21

CD





SUBSURFACE MIGRATION PLAN



U

LeROY CRANDALL AND consulting geotechnical engineers, 711 fl. alvarado St., los angeles, Ca. 90026, (213) 413-3550

May 17, 1984

ITA

U

U

U

Regional Water Quality Control Board
107 South Broadway - Suite 4027
Los Angles, California 90012 (Our Job No. E-83124-H)

Attention: Mr. Hank Yacoub

Honorable Board Members:

Subsurface Mitigation Plan
BKK West Covina Landfill
West Covina, California

We are herewith transmitting a copy of our "Subsurface Mitiga-
tion Plan for the BKK Landfill". Considerable concern has been voiced
in the ast few months about the hydraulic integrity of the West Covina
Landfil. It is the purpose of this plan to lay those concerns to rest

so that+the design and operation of the facility can be carried out in
an efficient manner.

We will appreciate any input or comments you may have after you
have reviewed this proposed plan. It is our hope that we can proceed
with the plan at the earliest opportunity, as the mitigation measures,
when inplace, will be of benefit to all concerned. Thank you for your
attention in this matter.

Yours very truly,

LeROY CRANDALL AND ASSOCIATES

by
Glenn A. Brown, C.E.G. 3
Director of Geological Services

GAB/D59
(25 copies submitted)
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SUBSURFACE MITIGATION PLAN

BKK WEST COVINA LANDFILL

V

V

V

V

SCOPE

Page 1

The hydrogeologic studies accomplished to date indicate that

there are two areas within the property which exhibit the potential for

the movement of fluids outside of the designated waste management areas.

The two areas are identified as the sandstone beds upsiope from Miranda

Street on the southeasterly side of the landfill property (herein called

Area A), and in the stream channel upstream from Azusa Avenue in the

southwesterly part of the property (herein called Area B). These

potential movement areas are shown on Figure 1, Location Map.

In order to mitigate the potential underfiow of fluids, we

propose the following means of monitoring and controlling the movement

of any fluids in each of these two areas.

V

AREA A

V

water mound, or the maintenance of a pumping trough. The use of injec-

The movement of fluids in a semipermeable medium can be con-

trolled by various means. The injection of a portland cement grout,

injection of a chemical grout consisting of two monomers (to make a

polymer), the construction of a slurry wall, the creation of a ground

tion m&thods are questionable due to the unknown reactions between the

variable composition of leachate and the injected material. A slurry

wall has a practical construction depth limit of about 75 feet. The
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creation of a ground water mound such as used by Los Angeles County

Flood Control District to control sea water intrusion in the West Coast

Basin, may be feasible; however, large quantities of water meeting

Public Iealth Drinking Water Standards will be required. Keeping

controlof the injected water once it is underground becomes another

problem especially in the downgradient direction. A practical and

preferrd method of control for the BKK Landfill site appears to be the

creatioii and maintenance of a pumping trough.

With the presently known configurat.ion of the sandstone beds at

Area A, we are of the opinion that the minimum program would be the

constrution of four extraction wells. The first well would be situated

about 150 feet easterly of Corehole C-3. The remaining wells would be

located on approximately 300-foot centers in a southwesterly direction,

adjacent to the southeast property line. This configuration would cc

1200 lineal feet of the sandstone outcrop area, which is about 1400 feet

V

in length. The location and construction details of these wells are

shown on Sheet 1, "Extraction Well Desing". The plan would be to

construct the wells to a depth where they penetrate a minimum of 20 feet

V

into the underlying lower shale. Presently available subsurface data

suggests that the depths of the wells would range from 450 to about 1000

feet. Once the wells are drilled and tested, it would be determined if

-

they ha a measurable pumping effect (drawdown) on the adjacent wells.

If not,Ianother well would be drilled on center between the nonconimuni-

cative bells, until the well is known to affect its adjacent well or

wells.
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The wells would be equipped with stainless steel Grundfos pumps.

Fluids extracted from the wells would be disposed of by the appropriate

on site method, or treated and released to the sewer or a storm drain

systems according to the site Leachate and Other Collected Waters Plan.

Each well will be equipped with a totalizing meter or an alternate

method of automatically recording well discharge.

The wells in Area A would be monitored daily to determine if

they ar pumping, and will be measured and fluid samples taken for

analysis on a monthly basis. Existing measuring points such as OW-i,

C-3, C-4 and MW-29 would also be included in the measuring program.

AREA B

The site for the mitigation of the potential movement at Area B

has been located in the topographic constriction about 500 feet easterly

of Azusa Avenue. A total of five monitoring-extraction wells are

planned for this site. Three shallow wells (about 50 to 60 feet) will

be simi ar to those already constructed at MW-18A and MW-19A. Their

primary purpose will be to monitor and control the fluids within allu-

vial and weathered bedrock materials. Their construction details are

shown on Sheet 2, "Shallow and Deep Extraction Wells".

It is the function of the two deep (about 200 feet) monitoring-

extraction wells to monitor fluids in the unweathered bedrock zone.

Their construction details, which are similar to MW-18B, are also shown

on Plate 2.

CA

I
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Should the chemical analyses indicate there is a need to pump

any or all of these five wells, fluids extracted from these wells will

be disposed of on site by appropriate means, or treated and released to

V

the sewer or storm drain systems.

If required, a pumping trough can be created in either or both

shallow and deep zones which would monitor and control the westward

migration of fluids originating in the Class I and Class II waste

management areas.

INTERNAL FLUID MANAGEMENT

During the course of our field investigations, numerous springs

were observed on the easterly side of the "Ephemeral Pond", and in the

canyon which contains "Puente Spring". It is considered advisable to

control the flow issuing forth from these springs to lessen the quantity

of fluids handled in the future at Barrier 1. There may be marked

differences in chemical quality which would require less treatment than

the fluids at Barrier 1. The appropriate method of controlling the

flows aippears to be through the use of subdrains. The location of

springs and proposed subdrains are shown on Sheet 3. A cross section

through a typical subdrain is presented on Sheet 3. The subdrain

systems will be connected to a sump located upgradient of Barrier 1.

The long-term objective of internal fluid management within the

waste management areas would be to control hydrostatic levels within the

existing trash prisms. Provisions for such are outlined in the Leachate

and Other Collected Waters Plan.
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With the implementation of the mitigation plans for Areas A and

B, and the control of spring flows by the use of a system of subdrains,

it is our opinion that the BKK Landfill can be isolated, and continue to

receive hazardous solid wastes.

V

V

V

V

V

CA
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DEVELOPMENT PLAN FOR LANDFILL GAS
CONTROL AND RECOVERY



DEVELOPMENT PLAN FOR LANDFILL GAS CONTROL AND RECOVERY
(LANDFILL GAS PLAN)

BKK CORPORATION

r

PURPOSE

The primary purpose of this plan is to identify a specific course of coordinated action for
the systematic de'

landfill gas migrati

BACKGROUND

The disposal of Gro.

Iopment of management/engineering solutions to requirements for

control and recovery.

II (mixed municipal refuse) began at the BKK West Covina landfill
in 1963. It was in 1972 that the site began to receive Group I (Hazardous Materials)

Waste. These materials were received only after the construction of a hydraulic barrier
was constructed near the Southeastern corner of the site. Today this hydraulic barrier is
designated as Barrie #2, (see Exhibit A.)

It was not until 1976 that relatively large quantities of liquids and hazardous waste were

received at the site. However, accurate records of refuse weight quantities could not be

kept until after scales were installed in 1978.

From volumetric estimates calculated from topographic cross sections through the

landfill, it is belieed that approximately 6 million tons of solids and liquids were

deposited between ftjie years 1963 to 1980. It is estimated that by 1986 that there will be

14 million tons of refuse in place.

By using the estimated in-place tonnage up to and including in-place tonnage deposited in

I 983 and entering this data in a gas prediction model, it can be projected that
approximately 4 - 5 million cubic feet per day of methane are currently being produced

In the late part of 983 significant activities were undertaken by BKK, in cooperation

with the Department of Health Services, to characterize the geology and hydrology of
the West Covina landfill site. As a result of these activites, data was found which could
indicate that landfillgas was in contact with liquids in and around the landfill.



In January, 1984, Mandeville & Associates was retained by BKK to prepare a landfill gas

development plan which would mitigate potential problems associated with landfill gas

migration. In addition, this plan was to closely interphase with geotechnical activities

already in progress to help insure the Class I integrity of the site.

OBJECTIVES

The objectives of th

are:

V

Prevention

includes bc

measures,

contaminal

plan addre

2. Prevention

methods,

surface mi

3.

4.

5

s plan fall into the following categories. In order of priority they

)f subsurface migration of landfill gas. Subsurface migration

on-site migration and off-site migration. The plan seeks to address

'hen implemented would mitigate on-site gas migration-borne

from coming in contact with sub-surface liquids. In addition, the

s concerns of possible off-site gas migration mitigation measures.

F surface migration of landfill gas. Specific tasks in the plan employ

en implemented, will help alleviate environmental concerns of

tion of landfill gas.

Prevention of volatile organics from leachate or condensate from venting to

atmosphere n an uncontrolled manner.

Creation of policies and procedures for the control of landfill gas venting during

excavation f the landfill for the purpose of either modifying the existing

collection system or for the purpose of expansion of the gas collection system in

new areas.

Develop engineering plans and designs for the eventual installation of a landfill

gas recovery and electrical generation project.

2



PROGRAM TASK SCHEDULE

There are seven maj'or task headings below. Sub-tasks are not shown broken out in this

phase of developing the landfill gas plan, but are described in narrative form under each

major task heading. Also included with the major task headings are estimated

completion dates. l should be noted that some sub-tasks will overlap into other major

task headings, as soripe sub-tasks could be included in more than one major tusk heading.

Task I Data Gathering (Completion Date 6-1-84,

Purodse:

No rsearch effort is complete without a thorough understanding of the

factsand data that have already been gathered. Task I seeks to verify or

modify previous conclusions through independent observation of the data.

Descifiption:

During this task, all previosuly published data on tonnages of refuse of

liquid hazardous waste will be closely examined. In addition, volumetric

estimates taken from cross sections made on topographic maps from the

years 1963 - 1984 will be made. These estimates, when converted from

cubic yards to tons of refuse will give further information on placement

of refuse, its depth, areas of influence by the current gas collection

system, the location, and configuration of an expanded gas collection

system.

Once the relative refuse chronology has been established for the years

1963 - 1984, this data will be entered into Mandeville & Associates gas

¯ orod ction model.

This model simulates, over time, the quantities of landfill gas (as pure

methane, see Exhibit B) that could be expected over the production life of

the West Covina Landfill. After reviewing and reducing of field data

taken on site, the actual data or methane quality and flow rates will be

fed back into the model to adjust the results for real-time data.

3



Once the shape of the curve has been "fitted" to historical and present

- data, stimates on future quantities of refuse and liquids may be entered

into the model to predict future quantities of landfill gas.

It is u'nderstood that the current solidification program now underway at

BKK West Covina will not be co-mingling Group II Municipal Refuse with

Group I Hazardous Waste in the "Designated Disposal Area for Group I

Wastes" within the permitted Group I area. The fact is there will be little

or no organics placed in this area which will have a slowing effect upon

- the future gas generation rates. Preliminary well designs (see Exhibit A),

for the expansion of a gas collection system into the area have taken this

uncertainty into account.

Task 2 Air Quality Mitigating Measures (Completion Date 6-1-84)

Purpose:

The efforts outlined in this task relate to Objectives #1, #2, and #4 and

seek to address three areas of concern where landfill gas may be

migrating horizontally, as in possible contamination of leachate water

collected by various water monitoring wells throughout the site, or

vertically, in cases where there is insufficient influence in the existing

collection system; lack of any collection system at all, in areas where

there is refuse in place, but as of yet no system to collect the gas (North

of Ba rier #1, Group II Waste Area); open or improperly sealed water

monitoring wells, cores and gas collection wells.

Descrption:

Procedures are proposed that will insure that all open holes, wells, broken

lines, fractures, ground cracks, that would allow landfill gas to escape

uncontrolled to the atmosphere be closed, covered or repaired within 24

hour period. Furthermore, it is recommended that formal inspection of

the landfill site by an authorized staff of BKK be conducted at least twice

a month.

4



Addil1ionalIy, if is proposed that a flare be designed capable of

incinrating 2500 CFM (1500°F, draw time of 0.4 sec) be connected to a

2000 leach line between Barrier hi and Barrier #2.

Wafe monitoring wells in the vicinity of Barrier #1 and #2 are proposed

-
to be tied into a main header line connected to what is now branch line

"B", &ee Exhibit A.)

It is further anticipated that a perimeter gas migration control system

will be needed immediately, once water monitoring wells in the "C"

sectin near the access road adjacent to bench "A" and "B" are located

and drilled by BKK's consulting geologist, LeRoy Crandell and

Associates. Expectations are that four gas migration control probe/wells

will be installed, one for every water monitoring well. If needed, these

gas collection probe/wells maybe connected to header line "F", if active

contrpl is needed, (see Exhibit C and Drawing Detail C-I.)

In coijunction with any and all drilling or excavating to be done on the

landfill, appropriate air pollution control devices will be in use with

drilling equipment. However, prior to any drilling taking place

(emergencies excepted) on the landfill, appropriate permits to construct

will be sought from the South Coast Air Quality Management District.

The permits to construct applied for, however, will be made as "blanket"

permts for several wells at one time, so as to allow construction to

proceed in as an expeditious manner as possible.

Task 3 Modify/Expand Existing Gas Collection System (Completion Date 7-1-84)

Purpose:

This is the formal design and engineering of modifications and/or
exparsions of the existing system necessary based upon gas production

curves generated from tonnage data gathered in Task I. This is the

implementation of Objectives #1 and #2 described above.

5



Description:

This task is the formal engineering design of the expanded and/or
modified existing landfill gas system. Its primary objective will be to

serve as a gas migration control system, the secondary objective will be

to serve as a gas delivery system, for a gas turbine electrical generation

project to be located on site. As part of this task, a model to determine

header line sizing will be used. This is to insure that adequate vacuums at

proposed well heads are present to that the rates of flow from each welt

has sifficient "zone overlap" as to control any surface and subsurface

migrat ion.

The ekpansion of the collection system will take place in three phases. In

Phase I, is proposed that a horizontal collection system be installed

throughout the remainder of the Class I permitted area, (see Exhibit A.)

It is roposed that several 1500' trenches, approximately 5' deep, having

10" sltted PVC pipe placed in the trenches and backfilled with 2" crushed

rock. The trenches are designed at 300' intervals. Each trench will have

a 3% slope designed for leachate and condensate drainage. The liquid will

collect in sumps at each end of a trench line and will be pumped out into a

leachbte treatment facility for ultimate disposal when necessary, (see

Exhibit A and Drawing Detail A-I, A-2 and A-3.)

It is expected that each horizontal trench will have a vertial zone of

influence of about 30' to 40'. If after the completion of a 30' lift of refuse

material over the trenches, it is determined that the installed trench

wellsare no longer effective in controlling surface migration, a second

set of trench wells may be installed above the first set.



As part of the Phase I effort, it is proposed that gas monitoring probes be

installed along the Southern and Western property boundaries adjacent to

the rsidential areas, (see Exhibit A.) These probes will be installed in

accordance with the Los Angeles City Bureau of Sanitation requirements

for probes to be placed every 300! at a depth of 30', and every 600' a probe

shall be placed at a depth equal to the bottom of the fill. Consideration
will be made on the possible installation of triple probes every 300' as

shown in Detail Drawing ALi. These probes would be installed in a cluster

having one shallow probe at 30', one deep probe to be installed at the

bottori of the landfill and one halfway between.

A Phase II effort would expand the Phase I collection system to include

the Group II material located North of Barrier #1. As part of this effort

would be the location of gas monitoring probes and/or L.E.L. detectors in

or near buildings, located on the site; the location of the gas monitoring

probes along the Northern property line at 300' intervals, similar to that

of th probes described above, (see Exhibit A.)

r

Phase Ill would be an landfill gas evaluation program which would propose

changes in response to the dynamic changes in the landfill. This would

include in part, monitoring programs described later.

V

Task 4 Evaluate Motor Blower Flare Station (Completion Date 6-1-84)

Purpoe:

This lask is designed to perform tests on the motor blower/flare stations

against the manufacturer's specifications to determine existing capacity

and optimum operating conditions for each blower and flare. The results

of thi task will be used to determine if additional blower/flare units are

needed for the expanded system. This task will also address the flare

needsof a gas recovery project as outlined in Objective #5.

V
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Description:

Task 5

The efforts outlined in this task will include evaluation of actual blower

perfotmance compared to manufacturer's performance curves. Based

upon results, a recommendation will be made on capacity reserves as well

as optimum operating conditions.

Excess capacity of the blowers will be compared to the requirements for

gas flow as proposed in Phase I, Task 3. Recommendations on operations,

modif cations or replacements will be made prior to final design of

expanded well collection system.

As part of the blowers performance effort, flare inlet and exit gases will

be analyzed to determine flare efficiencies.

PreDa ation of 0reratinci Procedures (Comrletion Date 7-15-84)

Purpose:

To develop standard procedures for data gathering, instrument calibration

and system operations. This task ties in with, Phase III, Task 2 and 3, as

well as Objective 112.

Description:

The procedures developed in this task will help insure that minimum

standards are met with regard to gathering field data, monitoring

installed gas probes, data reduction, data analysis and review. These

procedures will also set criteria for adjustment, operation of wells,

blowers and flare equipment.

These procedures will be detailed in an O&M manual. Also included in

this manual will be scheduled maintenance requirements for all pieces of

majorf equipment. It will include detailed descriptions of operation,

troubleshooting techniques and lubrication schedules.

[Si



Task 6 Landfill Gas Recovery Engineering Services (Completion Date 8-1-84)

Purpose:

To provide the interface between the landfill gas collection recovery

system and the landfill gas requirements of an electrical generating gas

turbine(s). This is an expansion of Objective #5 and of Tasks 2 and 3.

Description:

This task requires engineering to determine the compatability of the

existing gas collection with the proposed electrical generating gas

turbine(s). This evaluation contains several elements including the gas

pretreatment process design; engineering design for the disposal of the

condesate.

It is also anticipated that there will be a requirement for a new flare

station in conjunction with the described recovery project. It will be part

of this task to design a new flare station.

Task 7 Leachate Treatment Engineering (Completion Date 8-1-84)

Purpose:

The primary objective of this task is to find a feasible alternative for

leachte disposal. It follows onto the design efforts of Task 3 and meets

the rquirements of Objective #3.

Description:

Since leachate from the landfill has various degrees of contamination,

some of which needs to be treated before disposal, a pilot air stripping

projedt has been proposed to see if contaminants can be removed to safe
- levels for proper disposal.



If the system operates as designed, an expanded system will be proposed

and dsigned. With the new design would be the preparation of an O&M

fl

manucil for the liquid extraction system.

is:



'

( ( (

TEMPORARY
FLARING STATION

DECK

-z ,

¯.J /0
\

I----------------

-S
-S.

H 5---.-

2I SLOPE
FRONT FACE

10" PUMP
2 SUMP/ BENCH

J -..
-S

0 20' REFUSE LIFT (TYP)c 3%SL0PE -..J
H

-5--
-5-- -

5___.
-5-

H

3'Wx4'H TRENCH
WITH I"- 2 0 SIZE GROUND
GRAVEL,8O' LONG PROFILE
WITH SLIP JOINT
COLLECTION SYSTEM
(tQ' PVC PIPE)

PROFILE ALONG LENGTH OF TRENCH
MAN DEVILLE & ASSOCIATES Energy Recove Seces

ST COVINA, CALIFORNIA
550 North osemeadBouIevard, Suite 20S, Pasadena. CA 9i107 BK1 LANDFILL

23/351-5502



I' ( ( (

HORIZONTAL TRENCH

MAN DEVILLE & ASSOCIATES Energy Recovery Services
550 North PosomoodBouovod, Sufle 20, Posodena, CA 9Y07

23/35-55O2

WEST COVINA, CfLIF0RNIA
BKK LANDFILL

.. '.j \J '. I I_. fl I I V 'J I I I

CROSS SECTION OF



I' ( '

TRENCH WIDTH

H
z

H

C

Oo11

L4 -

_YT'
____ ___

I C , o o o c r o 0
0 0 0 Cl I Q C

0 L Q Q 0 0 0 0

-- -
_______

10" SDR 26J 2dO" 12"SDR 26
PVC PIPE b PVC CLPG

PLAN VIEW OF
HORIZONTAL TRENCH PIPING

1\DC1\1S 1nwgy ocove' Services
ST COVINA, CALIFORNIA

bbU Nolh osotioodoulovord, Sufle 2O, Posodeno, CA 9107 BKX LANDFILL

213/351.5502 I



x
0
0

Ui
J
0
I
1J
0

uJ

0
cig

A

3

___ .- I T::- c'-\P
3-4- s

,-

-

EETONflTE
(p PL.o,CES')

:)4- l"O.t Ti\C

_Iii1:
-ATIVE CKFILL

F
____

-RJEL 5iGKF1LL (PEA.,')
.

(TR PL,CE)

1 _(ZO)fl kOLE DRtLLED
5T/ ED THROUNOL3T

A Z LE!'JTH (T''F. PLACES)

t fL
T'YP. 304SS

MAN DEVJLLE & ASSOCIATES Energy Recovery Services
550 North Posemeod Bou1evord Suite 20f, Posodena. CA 91f07

213/3Sj-SQ2
__________________

SCALE: .JOtJE AI'PROVED B' DRAWN BY

DftiTE: 9 REV IS ED

T"PiCL MULTtPLE PPQbE DET1dL
DRAWING NUMBER

WEST COVINA, CALIFORNIA
BKK LANDFILL A-8IO---OCTXDZ

DRAWING DETAIL A-4



LANDFILL NAME IS ''BKK'
FILENAME DATA IS STORED UNDER IS ''BKKLANDF''
THEORETICAL METHANEYIELD USED IS 1.3 SCF/# OF WET REFUSE
PERCENT OF METHANE IECOVERABLE 50 %
RATE OF DECOMPOSITION FACTOR = 100 0 IS SLOW 100 IS VERY FAST
P1 5 P2=25 P3= 70
TOTAL TONS DUMPED IS 1.20427E+07
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LANDFILL NAME IS 'BKK''
FILENAME DATA IS STORED UNDER IS ''BKKLANDF'
THEORETICAL METH\NE YIELD USED IS 1.3 SCF/# OF WET REFUSE
PERCENT OF METHANE RECOVERABLE= 50 %
RATE OF DECOMPOSITION FACTOR = 100 0 15 SLOW 100 IS VERY FAST
P1= 5 1D2= 25 P3= 70
TOTAL TONS DUMPED IS 1.20427E+07

FAST frflDERATE SLOW
% COMPOSITION OF GAS PRODUCING VATERIAL 5.00 25.00 70.00

METHANE GENERATED IN MSCFD
YEAR MSCFD TONS(000S) YEAR MSCFD TONS(000'S)
1963 O.O0 154.14 1988 4606.81 0.00
1964 63.84 169.56 1989 4156.26 0.00
1965 153.84 186.51 1990 3694.43 0.00
1966 262.58 205.17 1991 3242.07 0.00
1967 384.56 225.68 1992 2812.88 0.00
1968 516.41 248.25 1993 2415.59 0.00
1969 656.27 273.07 1994 2055.21 0.00
1970 803.30 300.38 1995 1733.88 0.00
1971 957.36 330.42 1996 1451.61 0.00
1972 1118.84 363.46 1997 1206.86 0.00
1973 1288.54 399.81 1998 997.06 0.00
1974 1467.62 439.79 1999 819.03 0.00
1975 1657.55 483.77 2000 669.31 0.00
1976 1860.04 400.00 2001 544.39 0.00
1977 2022.31 486.67 2002 440.89 0.00
1978 2198.12 593.33 2003 355.70 0.00
1979 2408.79 800.00 2004 285.95 0.00
1980 2706.14 1066.67 2005 229.15 0.00
1981 3132.64 1533.33 2006 183.09 0.00
1982 3786.08 1666.67 2007 145.90 0.00
1983 4557.98 1716.00 2008 115.98 0.00
1984 5380.03 0.00 2009 92.00 0.00
1985 5484.38 0.00 2010 72.82 0.00
1986 5331.37 0.00 2011 57.53 0.00
1987 5014.62 0.00 2012 45.38 0.00

EXHIBIT B
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MANAGEMENT PLAN
FOR DISPOSAL OF LEACHATE AND
OTHER COLLECTED SITE WATERS



SAMPLING PROTOCOLS FOR GROUNDWATER,
SURFACE WATER, STANDING LIQUID, SEDIMENT,

SURFACE SOIL AND SUBSURFACE SOIL U



1.0 GROUNIMAIER

1.1 The ilmportance of proper well construction, development and sample
collection cannot be overemphasized. Construction and development of
collection wells as well as sample collection techniques must comply with
the following:'

1. Manual of Groundwater Sampling Procedures, The Robert S. Kerr
Environmental Research Laboratory, U. S. EPA, May, 1980.

2. Procedures Manual for Groundwater Monitoring at Solid Waste
Disposal Facilities, U. S. EPA, EPA-530/SW-611, August, 1977.

3. Manual of Water Well Construction Practices, U. S. EPA, Office of
Water Supply, EPA-570/9-75-001.

4. Water Well Standards: State of California, California Department
of Waiter Resources, Bulletin 74-81, December, 1981.

The type of sample collection method employed will depend on the type and
depth of well, as well as the analytical requirements. The sampling equip-
ment must not alter or contaminate the sample.

1.2 Sample Withdrawal Methods

Sample withdrawal methods include the use of pumps, compressed air,
bailings, and samplers. The primary consideration is to obtain a represen-
tative sample f the ground-water body by guarding against mixing the
sample with stagnant (standing) water in the well casing. In a non-pumping
well, there wiLLi be little or no vertical mixing of the water; and strati-
fication will ccur. The well water in the screened section will mix with
the groundwater due to normal flowr patterns, but the well water above the
screened section will remain isolated and become stagnant. Persons
sampling shoulI realize that stagnant water may contain foreign material
inadvertently or deliberately introduced from the surface, resulting in
unrepresentatikre data and misleading interpretation of the same.

To safeguard against collecting non-representative stagnant water in a
sample, the following guidelines and techniques should be adhered to during
sample withdraial:

As a general rule, all monitoring wells should be pumped
or bailed prior to withdrawing a sample. Evacuation of
a minLmum of one volume of water in the well casing and
prefeably three to five volumes is recommended for a
repreentative sample. In a high-yielding groundwater
formation and where there is no stagnant water in the
well bove the screened section, evacuation prior to
sampl withdrawal is not as critical.



Advantage:
1. It can be constructed with a variety of materials compatible

with the parameter of interest.
2. Economical and convenient enough that a separate bailer may

be dedicated to each well to minimize cross contamination.
3. No external power source required. -

4. Low surface to volume ratio reduces outgassing of volatile
o rganics.

Di sadvantáges:
1. Sometimes impractical to evacuate stagnant water in a well

bore with a bailer.
2. Transfer of water sample from bailer to sample bottle can

result in aeration.
3. Cross-contamination can be a problem if equipment is not ade-

quately cleaned after each use.

1.2.2 Suction Lift Pumps

There are a variety of pumps available that can be used when the water
table is within a suction lift, i.e., less than about 20 feet. Centrifugal
pumps are the most commonly available, are highly portable and have pumping
rates from 5 to 40 gpm. Most of these require a foot-value on the end of
the suction pipe to aid in maintaining a prime.

Peristaltic pumps are generally low-volume suction pumps suitable for
sampling shallow, small diameter wells. Pumping rat-es are generally low
but can be readily controlled within desirable limits. One significant
limitation is the low pumping rates used initially to flush out the well
bore. Another limitation is that electrical power is required. Hand
operated diaphragm pumps are available that can be operated over a wide
range of pumpiing rates which facilitates rapid evacuation of a well bore
initially and lower controlled pumping rates for subsequent sampling. One
major advantage is portability.

Advantages:
1. Generally, suction lift pumps are readily available, relati-

vely portable, and inexpensive.

Disadvantges:
1. Sampling is limited to ground water situations where water

levels are less than about 20 feet.
2. May result in degassing and loss of volatile compounds.
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Ad vantages:
1. Portable-ac power not required.
2. Constructed of noncontaminating, nonadsorbing materials.
3. Variable flow rates up to 45 gals/hr are obtainable.
4. Can be used in well casings with minimum diameters of about

two inches.

V

V

V

Di sadva
1.
2.

3.

4.

ges:
Requires high purity nitrogen gas.
Glass construction is somewhat more fragile than other
materials.
Stripping of CO2 from water may be a problem for pH sensitive
parameters.

Gas stripping of volatile compounds may occur.

1.2.6 Gas-Operated SQueeze

These systems consist principally of a collapsible membrane inside a long,
rigid housing, compressed gas supply and appropriate control valves. When
the pump is submerged, water enters the collapsible membrane through the
bottom check 'valve. After the membrane has filled, gas pressure is applied
to the annular space between the rigid housing and membrane, forcing the
water upward through a sampling tube. When the pressure is released, the
top check valve prevents the sample from flcing back dcn the discharge
line, and water from the well again enters the pump through the bottom
check valve. I

Ad vantages
1. Wide range in pumping rates are possible.
2. Wide variety of materials can be used to meet the needs of

the parameters of interest.
3. Driving gas does not contact the water sample, eliminate

possible contamination or gas stripping.
4. Can be constructed in diameters as small as one inch - per-

mits use of small economical monitoring wells.
5. Highly portable.

Di sadvantáge s:
1. Large gas vohimes and long cycles are necessary for deep

operation.
2. Pumping rates cannot match rates of submersible, suction or

jet pumps.
3. Commercial units relatively expensive - approximately $1000

for units currently available.

-



The most commnly employed sample containers are 40 ml glass vials for ana-
lyses requiring small sample vohimes, such as total organic carbon, and
one-gallon jugs for analyses requiring relatively large volumes, such as
extractable otganics. Both types of containers are equipped with Teflon-

lined screw caps. Like all glassware used in the sampling and analytical
procedures, smple containers are thoroughly cleaned prior to used by
washing with detergent, rinsing extensively with tap water followed by high
purity deionized water and heating to 560° for two hours.

Grab samples of groundwater to be analyzed for high volatile organics by
the Bellar-Lichtenberg volatile organic analysis (VOA) method are usually
obtained by mans of a Teflon bailer. Use of the systems described pre-
viously is less desirable than bailers for VOA samples because of the
possible stripping of highly volatile constituents from the sample under
the reduced or elevated pressure occuring in systems using pumps.

1.3.2 Continuous Procedures

Continuous prcedures, using selected adsorbents to concentrate and recover
organic constiltuents from relatively large volumes of ground water, may be
employed for ampling organic pollutants in situations where the analytical
sensitivity and sample uniformity attainable by grab sampling are inade-
quate. These procedures are applicable for most organic pollutants except
those of very high volatility.

Sampling is conducted by continuously pumping ground water through a adsor-
bent column sampling systems at flow rates usually ranging from 10 to 30
ml/min. The iohimes sampled are dependent on the desired sensitivity of
analysis. For analysis by modern gas chromatograph techniques, sampling of
50 liters of vater is sufficient to provide a sensitivity of at least one
ug/liter (1 ppb) for almost all compounds of interest. Volumes sampled are
determined by measuring the water leaving the sampling systems in
calibrated waste receivers.

1.3.3 Volatile Organics in the Unsaturated Zone

For investigations pertaining to organic pollution of ground water, it is
often desirabiJe to sample water in the unsaturated zone to detect and
follow the movement of polkitants that are migrating toward the water
table. This is a particularly difficult task in the case of highly vola-
tile compounds, inciuding the low molecular weight chlorinated hydrocarbons
such as trichloroethylene. A number of these compounds are widely used and
released into the environment in significant quantities, exhibit some form
of toxicity, particularly carcinogenicity, and are being increasingly
implicated in cases of ground water pollution.

Soil-water samples may be collected using the device which consists of a
sampler, a puring apparatus, and a trap connected to sources of nitrogen
gas and vacuum. The soil-solution sampler consists of a 7/8 in. 0.D. (2.2
cm) porous ceamic cup, a length of 3/4 in. 0.D. Teflon or PVC pipe and a
Teflon stopper1 fitted with 3 mm 0.D. Teflon exhaust and collection tubes.
The length of the pipe is dictated by the depth of sampling desired, which
is limited to a maximum of about 20 feet. The device is basically a suc-



3.1 Trel or Scoop

A garden-variety trowel locks like a small shovel (Figure 4). The blade is
usually about 7 by 13 cm (3 by 5 in.) with a sharp tip. A laboratory scoop
is similar to the trowel, but the blade is usually more curved and has a
closed upper end to permit the containment of material. Scoops come in
different sizs and makes. Stainless steel or polypropylene scoops with 7
by 15 cm (2 3/4 by 6 in.) blades are preferred. A trowel can be bought
from hardware stores; the scoop can be bought from laboratory supply
houses. I

Us es--

An ordinary zinc-plated garden trowel can be used in some cases for
sampling dry granular or powdered materials in bins or other small c0n

tainers. The laboratory scoop, however, is a superior choice. It is
usually made f materials less subject to corrosion or chemical reactions,
thus lessening the probability of sample contamination.

The trowel or scoop can also be used in collecting top surface soil
samples.

I

Procedure for Use--

1. At rdgular intervals (see Section 6), take small, equal portions
of sample from surface or near the surface or the material to be
s amp11ed.

2. Combi4rie the samples in a suitable container.

3. Cap the container; attach the label and seal; record in field log
book; and complete sample analysis request sheet and chain of
custody record.

4. Deliikr the sample to the laboratory for analysis.

4.0 SUBSURFACE SOIL

As with ground! water samples, successful sampling of subsurface earth
solids require both acquisition of cores of subsurface solids at desired
depths in a manner minimizing potential contamination and proper handling
and processing of the core material obtained to insure its integrity and
produce samples suitable for determinative analytical procedures.

There are a variety of procedures and equipment that have been used to
collect earth 6iaterials for classification and identification of physical
characteristics. The most common procedures use a thin-wall steel tube
(core barrel) qhich is forced into the undisturbed soil at the bottom of a
bore hole. This is sometimes refered to as drive sampling. Core barrels
are generally from one inch to three inches in diameter and 12 to 24 inches
long. When th core barrel is retrieved, friction will usually retain the
sample inside, at least in most unsaturated materials.
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4.1 llandijing and Processing of Core Materials

The procedures to folloc in processing a sample will depend on the type of
analyses and the situation in the field. Regardless of the types of analy-
ses to be performed, processing should be as soon as possible.

Split tubes or sectioned tubes are souetimes used to collect cores so as to
permit access to the core material with minimal disturbance. Alternately,
a single piece coring tube and the use of hydraulic extruding device when
sampling subsurface soils for organics or microorganisms can be used. As
soon as the co1re is obtained, the drive shoe, if used, is removed and the
sample tube is placed into the extruding device. As the core sample is
forced out of the tube, the first 5 to 8 cm. (2-3 in) are cut off with a
sterile scalpel and discarded.

With either method the sample material is rapidly placed within a suitable
sample container. The container is tightly capped, labeled and properly
stored for delLvery to the laboratory.



ANALYTICAL AND QUALITY CONTROL PROTOCOLS
FOR ANY SAMPLING AND ANALYSIS PROGRAM



1.0 ADEQUATE SANPLE IDENTIFICATION

1.1 The BKK Sample Plan includes the provision that all sample con-
tainers will l4ave:
1. A waterproof gummad label affixed. The label will contain the
following information:

The name of the collector.
The rame and address of company sampled.
The sample point location.
The date and time of collection.
The oflector's sample number, which uniquely identifies the
sampiJe.

2.0 SAMPLE PRESERVATION TECHNIQUES

In a number o cases, the natural, physical, and chemical changes that a
waste goes through prior to analysis may be slowed down or prevented by
refrigeration at 4 to 6°C, or by the addition of preservatives. However,
these treatments mostly apply to one or two components or properties.
Addition or pteservatives may retard biochemical changes, whereas other
additives may convert some constituents into stable hydroxides, salts or
compounds. 1thods of preservation or stabilization are not recommanded
for hazardous waste samples unless bnly one or two components or properties
are to be analyzed.

Standard method books (i.e, Menual of Methods for Chemical Analysis of
Water and Wastewater, 1974, EPA-625/6-74-003, U. S. EPA, Washington, D.C.;
Standard Methods for Examination of Water and Wastewater, 1975, 14th
Edition, AmerIcan Public Health Association, New York, N.Y.; Collection,
Storage, Transporation and Pretreatment of Water and Wastewater Samples,
1971, California Department of Health Services, Berkeley, Ca.) have com-
pilations of seful preservatives for various constituents. The following
table is excerpted from these lists and shows only the preservation methods
thaty may be used for hazardous wastes.
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3.0 CHAII OF CUSTODY PROCEDURES

3.1 The BKK Sample Plan includes the following chain of custody proce-
dures:

1. A separate gummed chain-of-custody seal shall be affixed to the sample
container in such a way that the seal would be broken when the con-
tainer is opened. The seal will contain the following information:

The name and address of collector.
The signature of the person collecting the sample.
The ccllector's sample number (identical with no. on sample label)
The date and time of collection.
The nine and address of company sampled.
The location from which the sample was collected.

2. A chain-of -custody record containing the following information:
- The collector's sample number.

The s:iignature of the collector.
The date and time of collection.
The place and address of collection.
The waste type.
The siignatures of persons involved in the chain of possession
inclusive of dates of possession.

3. A sample analysis request sheet containing the following information:
The name of the lab which will process the sample.
The nnie of the person at the lab designated to receive the sample.
The nme of the person who does recieve the sample.
The laboratory sample number.
The dte of sample receipt.
The sample allocation.
The analyses to be performed.

4. At the laboratory the sample custodian shall:
Inspect the sample, the label, the seal, the chain-of custody.
Assur the sample and sample container are sound and properly pre-
s erve'd.

Assigr a job number and log the sample in the log book.
Store the sample properly.
Comple1te the proper portions of the chain-of -custody form.
Notify the laboratory supervisor the sample was received.

5. Sample andl Requisition Received in Laboratory

Sample identiication on container is verified vs. the requisition or
purchase order. Verify number of samples, type of sample, client name,
adequacy (volune), preservatives (if ar) and integrity (leakage). Any
discrepant corMition shall be noted on the requisition or Purchase Order
and Sample Cortrol Document.

6. The Sample Control Document is Written

The document must be labeled with the sequentially numbered accession
number, the purchase order number (if any), receive date, due date, client
name and test Iescription. The laboratory director or supervisor will
indicate the fee for test, if known, and will initial the document.

0'



Refernces such as maps or photographs of the sampling site
f ie]Jd ol,servations.

Any f:iJeld measurements made (e.g., pH, flammability, explosivity).

4.0 USE OF THE EPA APPROVED ANALYTICAL METHODS

4.1 All ainalytical work on samples from BKK will be completed in
accordance wih the publication titled: Test Methods for Evaluating Solid
Waste; Physical/Cheinical Methods, SW-842, 2nd Edition, U. S. Environmental
Protection Anencv. 1982.

Furthermore, in order to assure the accuracy and reliability of analytical
data, the following laboratory QA/c operations will be performed during
each analyticail run:

1. Initial Calibration and Calibration Verification
- calibration blank is analyzed each time the instrument is

calibrated. Calibration standards are perforid to initiate
any type of analysis.

2. Continuing Calibration Verification
- To assure calibration accuracy during an analysis run, either

EPA Quality Control Solution or an NBS-traceable control-
solution is analyzed for each analyte after every ten

amples.

3. Prepa1ration - Blank Analysis
- he preparation-blank is utilized to rule out contamination

y reagent preparation.

4. Intertference Check Sample Analysis (ICAP)
- he interference check sample allows the analyst to verify

inter-element and background correction factors on a regular
basis.

5. Contamination of Sample Container Analysis (Trip Blank)
- Analysis of a trip blank allows a determination to be made of

he potential for outside sources to contaminate the sealed
sample. Analysis of the trip blank also would indicate if
the sample jar was contaminated prior to collecting a sample.

6. Matrix Spike Analysis
- [rhe spiked sample analysis provides information about the

effect of the sample matrix on the analytical methodology.
- t least one spiked sample analysis is performed on each

group of ten samples of a similar matrix.

7. Duplicte Sample Analysis
- t least one duplicate sample analysis is performed on each

group of ten samples of a similar matrix.
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The placement of soil, groundwater and vapor sample collection borings in
and around tFe BKK Corporation Class I landfill involves the potential for
exposure of s'ainpling personnel to hazardous solids, liquids and gases.
This potentiaft necessitates the development and implementation of a Safety
Plan to assure that appropriate precautions are taken to provide for the
health and safety of project personnel.

The Safety Pl!an must be based on appropriate analytical data. Table 1 pre-
sents a summary of various tests performed on ambient and subsurface gases
at the landfiLLl. The last four columns of the table present ambient air
levels to whi'ch on-site workers could be exposed. The five columns
following the1 Cal/OSHA Permissible Exposure Limit (PEL) represent undiluted
subsurface vapor concentrations. The levels of compounds as measured in
ambient air ae one to three orders of magnitude less than the con-
centrations measured from the blower. The gases collected from the blower
contain by far the highest concentrations of trace organics. The values
reported for the other four undiluted subsurface vapor samples (flare
inlet, well 19, drill rig line N and leachate sump barrier #1) are rela-
tively consisFent. The blower concentrations range from 2 to 100 times
greater than the other subsurface gas concentrations. The reason for this
wide range in values is not known at this time. As it is prudent to use a
conservative approach, the blower unit concentrations will be considered
worst case values for the undiluted subsurface vapors. The Safety Plan may
be revised as additional data is generated on the types and concentrations
of chemicals present in the work area.

Based on Table 1, the health and safety risks associated with chemicals
present at th site can be divided into three categories:

1. Risk of fire or explosion
2. Risk of oal or dernial contact
3. Risk of vpor inhalation (particulate borne pollutants have not

been idenified as a concern)

There is an akiditional health risk not related to chemicals. Drill rigs
can produce hIgh levels of noise. To assure workers are not exposed to
unsafe noise levels, on-site monitoring will performed and noise reduction
devices shall' be used if necessary to control excessive noise.

1. Risk of Fire or Explosion

The first category, risk of fire or explosion has perhaps the highest pro-
bability of o6currence of the three risk categories. Methane is an
odorless, colorless gas which burns with a faintly luminous flame. Methane
is explosive when mixed with air (5.53 to 15 percent methane). BKK's land-
fill gas contins an average 40 percent methane therefore an explosive con-
centration coild be reached a short distance downwind of the borehole.
Appendix A cohtains procedures which will be implemented during all on-site
excavation or soil borings to reduce the potential for fire or explosion to

acceptable levels.

2. Risk of Oral or Dermal Exposure

This Safety Plan is based on data gathered during previous air sampling
programs. Th risk of oral and dermal exposure should be evaluated based

-1-
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TABLE 1

Characterization of Landfill Gas at BKK's Class I Landftll*
BKK

BKK Personnel

Call Flare Drill tUg Leachate Sucup Ambient Air Personnel Personnel Ambient Air
OSHA Peak Concentration Inlet Well 10 Une t Barrier (/1 Samples USC Ambient Air Ambient Barrier (/2

PIlL From Blower 8-9-83 8-9-84 2-10-84 9-19-83 12-22-93 5-21-82 @C-3 4-5-84 Air Peak 2-9-84

Vinyl ChlorIde 1 139
-

75 18 54 39
-

0.025
-

ND ND
Dichlorocnethane (methylene chloride) 100 226 13 13 93 11 0.880 0.120 2.4
1,1 -Dichioroethene (Dichioroathane) 200 22.2 6.7
1,2-Dichioroethene (trans) ilL 10.9 4.1
1,2-Dichioroethene (cis) ilL 18.4 3.3
1,1 -Dichioroethane ilL 154 6.7 4.5 0.580 ND

Trichloroethene 350 45.7 4.1 4
1,1,2-trichioroethane ilL 20.5 6.5 8.8
Tetrachioroethene ilL 181 15 15.0 0.1
Chlorobenzene 75 160 2.2 0.810 ND

Benzene lU(S) 134 7.5 8.1 0.140 0.590 0.4
Toluene lOU(S) 434 45 50 52 9.5 1.4
m,p-Xylene (as Xylene) tOO(S) 158 4.2 20
o-Xylene (as Xylene) 100(5) 31.3 4.2 20
Ethyl benzene 100 94.9 4.1 13 0.4
Ilexane 500 1840 19 15 21 28 25
1,2-Dichioroethane (ethylene dichioride) 10 976 9.0 800 10
Iso-Octane 300 221
Trichioroethane ilL 285
1,1,1-Trichloroethane (methyl chloroform) 350 39.5 1.9 21 1.0 0.080 1.8
Nonane 200 64.6
Isopropyl Benzene ilL 4.48
Propyl flenzerce ilL 5.79
Tetrachioroethylene (perchioroethylene) 50 36 7.3 ND

Methane asphyxiant 35 42 52 36 41

* All values in parts per million except for rmthane, which is in percent.
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rig will be required to wear high efficiency particulate filters or half-

face respirators, as well as chemically resistant boots, gloves and
coveralls.

At core rig 1orings in areas where nearby borings indicate contaminated
water and gases under pressure may be encountered, safety precautions are
warranted. The water injection system used by the core rig tends to
suppress gas venting and dilute any solid or liquid chemicals encountered.
The driller and helper operating in such areas will be required to wear
rubber boots, gloves, chemically resistent suits and hardhats with splash
guards. The face shield must be lowered when the drill stems are uncoupled
to add or remove additional stem. Should monitoring indicate a greater
risk, the safety precautions would be increased.

At any borings where organic vapors are approaching the Cal/OSHA PEL work
shall be halted until the appropriate safety precautions can be taken.

The safety precautions appropriate for each specific boring will be
designed by the Safety Program Administrator and On-Scene Safety
Coordinator.

At borings such as C-i where no evidence of odors, gas pressure or dis-
colored soils are detected and the monitoring program does not indicate any
potential risks soil, drilling can proceed without special precautions.
Periodic monitoring must be continued, however, to assure the situation
does not change.

The monitoring program for site gases is shown in Table 2. The PID
equipped witI a 10.2 ev lamp gives good responses to vinyl chloride,
benzene, toluene and xylene (ionization potentials 10.0, 9.25 and 8.82
respectively) but does not give a good response to dichioromethane or
1,2-dichloroéthane (ionization potential 11.35 and 11.2 respectively). The
FID will giv a strong response to most flammable hydrocarbons.
Considering the high percentage of methane present in subsurface gases it
is probable that the FID will be of little use for monitoring trace orga-
nics other tan methane. The critical monitoring point for the flammable
gas meter shll be at the edge of the bore hole. The critical sampling
point for the PID and FID shall be the workers' breathing zone. If the PID
levels exceed 5 ppm or the FID levels exceed 100 ppm above background in
the workers' breathing zone the work must cease until measures are taken to

reduce these levels. Such measures may include the use of construction
fans to disperse subsurface vapors at the source.

To determine the specific concentration of the three target compounds
(vinyl chloride, benzene and 1,2 -dichioroethane), color detection tubes
shall be used. While excellent for day-to-day checking, the color detector
tube method nust be backed up by the NIOSH/OSHA approved sorbent tube
sampling metlod described in Table 2.

Appendix B describes the specific duties of the Safety Program
Administrator and the On-Scene Safety Coordinator.
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APPENDIX A

Flammable Gas Control



1. Flammable Gas Control

Operating practices for crnstruction work at a site where landfill
gas and other wastes are present are more restrictive than working on
native soils. Because of the potential flammability and tod.city of land-
fill gases, certain precaution and preventive practices are required.

a. Exca4iation and Trenching

On-site excavation, trenching or boring shall be conducted only in
the presence of an On-Site Safety Coordinator. A qualified inspector or
other trained jerson shall be present at the work face at all times. This
person nust haie training and experience in both OSHA safety requirements
and DOHS hazardous waste requirements. Experience in supervising a land-
fill excavatioi project would also be of value.

The On-Site Safety Coordinator shall be equipped to detect methane
concentrations and potential tod.c gases. The On-Site Safety Coordinator
will have the authority to require each worker in the vicinity of a hazar-
dous gas to wear appropriate protective breathing apparatus or other safety
equipment as necessary. The On-Site Safety Coordinator will also have the
authority to require the Contractor to operate portable fans in the vici-
nity of work where gases are present, in order to disperse such gases.

In mattes regarding safety, the On-Site Safety Coordinator has
authority to isue orders which nust be followed immediately. Failure to
follow an On-Site Safety Coordinator's orders is grounds for reprimand or
dismissal of enployees, Contractors or Subcontractors.

b. Workers On-Site

A minimum of two workers shall be on the site at all times during
construction activities. Each worker in the vicinity shall be equipped
with safety eqiipnent selected by the Safety Program Administrator.

c. Smoking

Smoking hall be permitted only in an area designated by the Safety
Coonjinator as a "Safe Smoking Area'.

d. Construction Equipment

All construction equipment exhaust systems on the site shall employee
diesel engines or be equipped with spark arrestors.

e. Welding/Open Fire

Welding or open flames shall be permitted only in areas of the site
approved by th Field Engineer and On-Site Safety Coordinator.

f. Clothing

Personnel shall wear safety equipment selected by the Safety Program
Administrator.'
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APPENDIX B

Responsibilities of Safety Administrator
and On-Scene Safety Coordinator



A. Summary of Responsibilities and Tasks

The following is a summary of the responsibilities and tasks of the Safety
Administrator, On-Site Safety Coordinator and other personnel involved in
the sampling program.

1. Safey Program Administrator

- Responsible for managing entire safety program.
- Responsibl'e for selecting/purchasing appropriate safety equipment.
- Responsibl.e for evaluating program and assuring that adequate safety

measures are being taken.
- Responsible for performing periodic site inspections based on

Appendix D and the Safety Plan.
- Responsibie for receiving information on daily operations, air sampling,

etc.
- Responsible for preparing written post-project evaluation.
- Responsible for revising the safety program as necessary, and sending

out revisi'ons.
- Responsible for assuring that employees wear their respirators in a safe

atmosphere for an adequate length of time before entering the hazardous

area.
- Responsibl'e for determining where sample collection and personal moni-

tors are o be set up in conjunction with the On-Site Safety

Coordinator.
- Responsible for determining when the crew is adequately trained.
- Responsible for informing employees if they have been exposed to harmful

substance in excess of State or Federal standards.
- Responsiblie for keeping the necessary records including:

Records 'of air contaminant levels.
A report of every injury or illness requiring medical treatment.

- Responsible for investigating every significant accident or illness and

preparing Ia written corrective action plan.
- Responsible for designating work area boundaries (no smoking, eating,

chewing gtm, etc.).
- Responsible for designating smoking areas.
- Responsible for selecting the On-Site Safety Coordinator(s) (OSSC). The

Safety Program Administrator must assure the On-Site Safety Coordinator
is qualified to perform the required duties. It is advisable that at

least one alternate On-Site Safety Coordinator be assigned and trained.
- Responsible for reviewing the work load of the On-Site Safety

CoordinatOr. The Safety Program Administrator may delegate portions of
the On-Site Safety Coordinator's duties if it appears the work load is

excessive The Safety Program Administrator must assure that this per-
son meets the qualifications of an On-Site Safety Coordinator.



a qualified firm. A mobile water truck can be substituted for the
extinguishers.

- Responsible for assuring that a first aid kit is readily available to
every work area. The On-Site Safety Coordinator is responsible for
inspecting the kit(s) at least once a week to assure that adequate
stocks of ll supplies are available. The kit will be replenished as
soon as posible.

- Responsibl for assuring that a person certified in cardiopulmonary
resuscitation and first aid is on-site during all work in the hazardous
waste areas.

- Responsibl for inspecting the site every morning.
- Responsible for coordinating all emergencies. The On-Site Safety

Coordinator is to be familiar with the EPA recommended emergency
procedures L *

- Responsibl for inspection of SCBA's once a week.
- Responsible for assuring that visitors are adequately outfitted and

trained. Visitors must be cleared by a qualified physician and provide
their own fit-tested safety equipment.

- Responsible for receiving complaints, issuing new equipment.
- Responsibl for assuring potable water is available on-site.
- Responsible for assuring sanitation facilities are available on-site.
- The Safety. Program Administrator may designate an Assistant On-Site

Safety Coordinator(s). In this case, the Safety Program Administrator
must specify the duties and authority of this person.

- Responsible for assuring gasoline and other flammable liquids used on-
site are stored and handled properly.

3. Subcontractors

- Responsible for the safety of all of his employees.
- Responsibl for assuring the Cal/OSHA GISO and other requirements

outlined are complied with.
- Responsible for keeping a record for each employee including: days

worked, time in, time out, work site, and job performed.
- Responsible for assuring each employee is adequately trained for his/her

duties.
- Responsible for assuring all equipment is in good repair and working

order.
- Responsible for assuring that if workers may be exposed to noise levels

in excess of 90 dBA, acceptable hearing protection is provided.

* Hazardous Materials Spills Monitoring: Safety Handbook and Chemical
Hazard Guide, Parts A and B, U. S. EPA, January 1979, EPA 60014-79-008.
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* From Documentation of the areshold Limit Values - Fourth Edition -

1980 Axnerian Conference of Government Industrial Hygienists, Inc. with
Supplemental Documentation for 1983.



In light of the above1 evidence that neither acute or
chronic effects occur from repeated daily exposures after
many years, and that iritation may be experiences at
around 20 ppm, but not at 10 ppm, the recommended TLV
for vinyl acetate is 10 ppm, with a STEL of 20 ppm.

Other recommendatiäns: USSR MAC (1976) 3 ppm;
NIOSH (1978) 4 ppm ceiling.

References:
1. Haskell Laboratory: Report of Toxicity of Viny! Acetate, EJ. du

Pont de Nemours & Co.,1 Wilmington, DE (january 1967).

VINYL BENZENE

See, STYRENE

VINYL BROMIDE

Bromoethylene

C2 H Br

TLV, 5 ppm ( 20 mg/m3), Appendix A2 - Suspected
Carcinogen

Vinyl bromide has a molecular weight of 106.96 and the
liquid has a specific gravty 0(1.4933 at 20° C. It has a melt-
ing point of -139.54 and boiling point of 15.80 at 760 mm
Hg. Insoluble in water, it is soluble in alcohol, ether, ace-
tone, benzene or chloro'form.

This substance has nt been found suitable as an anes-
thetic, but is useful as alfire-retardant in plastics.

The oral LD of the 50% solution in corn oil is 500
mg/kg in male rats.tl) Lliquid vinyl bromide is slightly to
moderately irritating toithe eyes, but non -irritating to in-
tact or abraded rabbit skin. Acute inhalation studies show
that 100,000 ppm is lethal to rats in 15 minutes; 50,000 ppm
renders rats unconsciou in 25 minutes and is lethal after 7
hours of exposure. At 25,000 ppm, rats are anesthetized,
but recover rapidly ever after 7 hours of exposure. Slight to

moderate kidney damage was seen in rats surviving expo-
sure to 50,000; but no histopathological changes were seen
in rats exposed 7 hours to 25,000 ppm.

A sub -acute inhalation study in rats exposed to 10,000
ppm for 7 hours per day, 5 days per week, revealed signif,i-
cantly depressed body weights after 15 days of exposure,
but no compound -related gross or microscopic pathblogi -

cal changes after 20 exposure days.(2)

VINYL CHLORIDE

Chioroethene

CH2 = CHCI

TLV, 5 ppm ( 10 mg/rn3) - Appendix Ala -
Recognized Carcinogen

A colorless, highly II.mmable gas with an ethereal odor,
vinyl chloride has a mOlecular weight of 62.sa It boils at

2. Mellon Institute: Communication to TLV Committee (October
14, 1968).

3. Deese, D.E., Joyner, R.E.: Am. md. Hyg. Assoc. I. 3&.449 (1969).

4. Union Carbide & Carbon Corp.: Toxicology Range-finding
Tests, Dept. of nd. Med. & Tox. (December 1956).

5. Gage, J.C.: 8rit. 1. md. Med. 27:1 (1970).

6. Maltoni, C.: Vinyl Chloride Carcinogenicity, in Origins of Hu-
man Cancer, Vol. 4, pp. 119-146, Cold Spring Harbor Laboratory

(1977).

In a chronic inhalation study, in which groups of rats,

rabbits and monkeys were exposed to 250 or 500 ppm for 6
hours/day, 5 days/week for 6 months, no significant
changes were detected in any of the following parameters:
growth rates, food consumption (rats and rabbits only), he-
matology, gross pathology, organ to body weight ratios and
histopathology.(2) Measurements of blood bromide
showed that the levels increased with duration of exposure
to all three species and were proportional to the concen-
tration of vinyl bromide in the test atmosphere. Estimated
equilibrium values for blood bromide in monkeys exposed
to 250 and 500 ppm were well below those levels at which
signs of bromism were evident.

Based on interim data obtained after 12 months uf a
lifetime inhalation study, there appear to be serious toxic
effects in Charles River Sprague -Dawley rats expo.,'d to

1250 or 250 ppm 6 hours/day, 5 days/week.o) The toxic

effects include increased mortality, decreased body
weight, angiosarcomas of the liver and carcinomas i the
zymbal glands of the ears. These responsec were dose re-
lated and did not occur in groups of male and lemak' rats
similarly exposed for 1 year to 50 ppm or 10 ppm.

Based on these data a TLV of 5 ppm, the ame as that for
vinyl chloride, is recommended, as well as placement on
the A2 listing as a suspected human carcinogen.

References:
1. Torkelson, T.R.: Unpublished data. Dow Chemical Corroany.

Midland, MI.

2. Leong, B.K.J., Torkelson, T.R.: A. Ind. Hyg. Assoc. 1. 31:1 (1970).

3. Huntington Research Laboratory: Unpublished Interim Report
(1977).

-13.9° C and freezes at -159.7° C. Vinyl chloride is ucuallv
handled as a liquid under pressure, and containing a po-
lymerization inhibitor (phenol). It is slightly soluble in wa-
ter, but dissolved by alcohol and ether.

The chief use of vinyl chloride is as a raw material for
the manufacture of polyvinyl chloride resins. It is also em-
ployed in organic syntheses.

Since vinyl chloride is a gas at room temperature and
pressure, the common route of toxic exposure is by inhala-
tion. As with many liquified gases, contact of the skin or
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After leaving the v')orking environment, a state of
somnolence (45%) k,ersists, with hypersomnia. Vi-
nyl chloride acts o the skin and produces a sen-
sation of formication and of heat.

2. After repeated exp'osure, a neurologic asthenia sets
in which somnolerce predominates.

3. After a variable priod of time, dyspeptic distur-
bances are added o the neurologic manifestations;
these are at first tot characteristic; they are in the
form of epigastric ains (16%), swelling, discomfort,
feeling of heavines in the right hypochrondium (7%)
or the left (5%) with anorexia, particularly for fats.
In 30.2% of the cakes, congestive hepatomegaly ap-
pears, which ma)J' mimic toxic hepatitis without
jaundice; some caes may become chronic.
In 6% of the cases, the hepatomegaly is accompanied
by splenomegaly. The proteinogram and the a/do/as-

es are the most sensitive tests and show changes sim-
ilar to those of acLite hepatitis: increase in a-globu-
lins and of the fi-and y-globulins; and thymol test,

Greenstedt's reaction and the zinc sulfate test are
positive only in fe1w of the cases.

4. After 3 years of exposure in 9% of the cases a syn-

drome typical of ulcer without radiologic changes
becomes manifest.

5. In 6% of the cases the Raynaud syndrome has ap-
peared, particularly among the young men. Plethys-
mography shows in half of the cases an inhibition of
the vasomotor cefers.

6. In addition, alleric dermatitis in 4.4% of the cases,
and scleroderma I1n 3.6%, has been observed.

7. The clinical and laboratory findings are of great im-
portance in occu.ational pathology because in num-
erous cases diseases appear in man that cannot be
reproduced in th animal (Raynaud's syndrome and
scleroderma).

The sudden and frequent appearance of these mani-
festations in the PVC division of several plants, and
in certain divisions in normal individuals who are still
relatively young, and their disappearance in the ma-
jority of the case after the institution of protective
measures and chnge of work, have shown us deci-
sively that vinyl chloride and the vinyl monomers
have played a part in the production of these mani-
festations. (End of author's summary).

In 1967, reports appeared in the literature describin a
condition known as acroosteolysis in workmen engaged in
polymerization of vinyl chloride to polyvinyl chloride. Har-
ris and Adams(13t reported on two cases in Europe. Wilson
er al(141 reported on 37cases in the B. F. Goodrich Compa-
ny. luhe et a/flS) descrbed a syndrome consisting of (ar-
ranged in decreasing order of occurrence) thrombopenia,
splenomegaly, liver damage, obstruction of ventilation, cir-
culatory obstruction, and skin and bone alteration.

As a result of this roblem, the University of Michigan
in 1967 was retained b'f the Manufacturing Chemists Asso-
ciation to investigate croosteolysis in sponsoring Amen -
can companies. The results of a large scale epidemiological
study of workers then currently employed in vinyl chloride
and polyvinyl chloride production were reported in three
publications by this goup Dinman et al,116 Cook et a/ti7)

and Dodson et a/.t18)

Dinman et ai6),summarized the study as follows:
"An epidemio!ogical study was performed cov-
ering 5,011 employees with 21,510 man-years ex-
perience in various phases of vinyl chloride (VC)
and polyvinyl chloride (PVC) manufacturing in
32 plants throughout the United States and Can-
ada. The total number of definitive cases of ac-

roosteolysis (AOL) was 25; 16 other individuals
were under suspicion. This condition is clearly
associated with the hand cleaning of poly-

merizers. Workers engaged in other phases of
VC or PVC manufacturing do not appear to be
at risk of developing AOL. The importance of
Raynaud's phenomenon as a concomitant of
AOL us emphasized. Several statistical ap-
proaches for rapid medical survey are suggested.
Acroosteolvsis appears to be a systemic rather
than local disease. Presently, neither the eti-
ological agent nor its portal of entry is known."

Cook et a/C'1) describes the polyvinyl chloride produc-
tion process in considerable detail. They concluded that
although no etiological agent could be identified, "There
appeared to be a correlation between the extent of degas-
sing prior to entry into the reactor" and the incidence of
acroosteolysis.

Mutchier and Kramerfl9) presented a paper at the 1968
Gordon Research Conference which was subsequently
published (1972), which reported on The Correlation of
Clinical and Environmental Measurements for Workers Ex-
posed to Vinyl Chloride. The authors drew the following
conclusion:

"Our findings suggest that repeated exposure to vi -

ny1 chloride at TWA levels of 300 ppm or above for a
working lifetime together with a very low level of
vinylidene chloride may result in slight changes n
certain physiologic and clinical laboratory parame-
ters. The possibility of some impairment in liver
function tests must be considered, even though no
overt clinical disease was evident in any of the indi-
viduals studied. We shall continue our study, but
suggest that similar studies to help clarify the effects
of this material be performed for other worker popu-

lations exposed to vinyl chloride alone."
P. L. Viola, in an attempt to produce acroosteolysis in

animals, exposed rats 4 hours per day, 5 days per week to

30,000 ppm (3%) vinyl chloride vapor. In his first report on
the results of 12 months exposure, he described metaplas-

tic changes in the bones which he considered similar to

the human disease acroosteolysis. He made no mention of
having observed cancer in these animals until the Tenth
International Cancer Congress in May 1970. In the abstracts
of this meeting, and subsequently in May 1971, Viola, Bi-
gotti and Caputo(21) reported tumors of the skin, lungs and
bones occurring first after 10 months of exposure. The au-
thors summarized this work as follows:

"Rats (Ar/IRE Wistar strain) exposed for 12 months to
vapors of vinyl chloride developed tumors of the
skin, lungs, and bones. The cutaneous tumors, which
always appeared in the area in which submaxillary
and parotid glands are located, have been histologi-
cally recognized as epidermoid carcinomas, papillo-
mas, and mucoepidermoid carcinomas. The morpho-
logical characteristics of lung tumors, which

429



Recent papers have included a report of 4 cases of respi- 8. Suciu, I. et a!: Medicina Interna (Bucharest) XV(8):967 (1963).
ratory cancer among vinyl chloride workers, but no dose- 9. Cabot, 5. et a!: Ingiena Bucharest 13(5):409 (1964).
response relationship.(31) 10. Grigorescu, I., Toba. G.: Rev. Chim. 17(8):499, abstract (1966).

On the other hand, Fox and Collier,(32) in a study of 7000 ii. Antonyuzhenko, V.A.: Gig. Tr. Prof. Zabo!. 12(3):50, abstract
men exposed to vinyl chloride in PVC manufacture be- (1968).
tween 1940 and 1974, found no evidence of cancers due to 12. Kudryavtseva, O.F.: Ibid. 14(8):54, abstract (1970).
vinyl chloride at sites other than the liver. There are four 13. Harris, O.K., Adams, W.G.F.: BriE. Med. 1. 5567:712, abstract
liver cancers, two of them angiosarcomas. (1967),

Delorme and Theriault(33) described 10 cases of liver an- 14. Wilson, R.H. et a!: JAMA 201 (8):577 (1967).
giosarcoma among workers in vinyl chloride polymerizing 15. Juhe, S. et a!: Dtsch. Med. Wschr. 98:2034 (1973).
plant in Quebec, whichl were accompanied by fibrosis of 16. Dinman, 8.0. et a!: Arch. Env. Health 22:61 (1971).
the liver. Details of 64 cases were presented by Sputas and 17. Cook, W.A. er a!: Ibid., p. 74.
Kaminski.(34)

18. Dodson, V.N. et a!: Ibid., p. 83.
Mutufugi, in Japan, noted that in contrast to western 19. Kramer, C.G., Mutchier, J.E.: Am md. Hyg. Assoc. I. 33(1):19

countries, in which 70 angiosarcomas cases (associated (1971).
with vinyl chloride exposure) had been reported, no can-
cer, but many poisoning cases, have been reported in the

20. Viola, P.L: Medicina del Lavoro 61(3) (March 1970).

USSR.()
21. Viola. P.L. et al: Cancer Research 31:516 (1971).

I fl. Maltoni, C.: Proc. 2nd Intl. Symp. on Cancer Detection & Pre -

Based on the above data, an Ala classification as a con-
firmed carcinogen is gi'en vinyl chloride and a TLV of 5

vention, Bologna. 1973, Excerpta Medica, Amsterdam (1974).

23. Maltoni, C., Lefemine, G.: Lincei-Rendiconre Della Classe di
ppm as a time -weighted average is suggested. If this value Science, Tesiche, Mathmafische 56:1 (1974).
5 not exceeded, there should be no increase in the mci- 24. Eidem: Carcinogenic Bioassays of Vinyl Chloride, uripub-

dence of cancer, especially angiosarcoma of the liver. lished data (1974).
Limits adopted in other countries, subsequent to the 25. Keplinger, J.L e a!: Annals of NY Acad. of Sciences Working

surfacing of vinyl chloriäe exposure associated cancers, as Group (May 10, 1974).
are follows, according t a 1977 summary: Australia (1973) 26. Creech, J.L, Johnson, M.N.: JOM 16(3):150 (1974).
25 ppm; Finland (l975, Holland (1973), Poland (1976), V. Tabershaw, l.R., Gaffey, W.R.: Ibid., p. 508.
Switzerland (1976) andUSSR (1977) about 10 ppm; Italy

. Patty, F.A. et a!: U.S. Pub. Health Reports 45, 1963, abstract
(1975) 5 ppm; Japan (1975) and Sweden (1978) 1 ppm. (1930).
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VINYL CYANIDE

See, ACRYLONITRILE

VINYLCYCLOHEXENE DIOXIDE

Vinylhexane dioxide I

C6H1202 I

Skin

TLV, 10 ppm ( 60 m/m3), Appendix A2 - Suspected
Carcinogen

cç

228° C The open cup flash point is 230° F and the viscosity
is 7.77 centipoise at 200 C. The vapor pressure is a 1 mm Hg
at 20° C and is very soluble in water.

Vinylcyclohexene dioxide has been used by the plastic
industry since the 1950's in the formation of polymers and
other types of organic syntheses.t12)

A colorless liquid wi,ich has a specific gravity of 1.0986
at 20° C, vinylcyciohexene dioxide's molecular weight is
740.18. its freezing poi1t is -108.9° C and boiling point is
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numerous organic chemicals. It is found in gasoline from
trace amounts to as much as 30% concentration in some
countries.

As an acute poison benzene produces narcotic effects
omparable to those of toluene; it is a more potent narcot-

ic than the alkanes or naphthenes of similar boiling points.
But the effect of chronic exposur to this compound is by
far the most serious disease caused by any of the common
hydrocarbon sol\ents. Its action n the bone marrow may
result in detectable alterations, and, in some instances,
aplastic anemia. The reported LD50 orally in young adult
rats is 3.8 mL/kg.(') I

It is unique among hydrocarbons as a myelotoxicant.121
More than 140 fatal cases of benzerie poisoning had been
recstdeci prior to 1959.131 Vigliani and Saital) listed 26
deaths from chronic benzene poisoning in two provinces
in Italy between 1960 and 1963. Eleven of these were diag-
nosed as leukemia, which may develop several years after
cessation of exposure to benzen.

Most deaths from benzene have resulted from expo-
sures of the order of 200 ppm or more. In a few instances
concentrations of 1000 or even 2000 ppm have been rec-
orded in workplaces where deaths occurred. Some of these
are: Legge,'51 210 to 1050 ppm; Greenburg,(6) 70 to 1800
ppm, with over half above 200; Bowditch,171 100 to 200+
measured; one leukemia case decribed by Hunter18) and
Mallory'91 six years after exposure at over 200 ppm; Green -

burg,1101 25 to 1000 ppm in four rooms; Helmer,111) 140 to
200 ppm after improvements; Savilahti,1121 318, 433 and 470
ppm; Kozlova,l'31 47 to 310 ppm; Vigliani,t4) 190 to 660 ppm,
after four years death from leukemia; Juzwiak,(141 31 to 156
rpm; Aksoy,(351 150 to 650 ppm, aid 210 to 650 ppm,(16) 26
,,atients with acute leukemia or peleukemia; Ikeda,Chl) 100
to 800 ppm, 7 deaths, all females, none from leukemia.

Winslow,118' however, reported1 blood changes in work-
ers where concentrations of benzene vapor below 100 ppm
were found. Heimann and Ford(19) found one death and
three cases with blood changes where air analysis for ben-
zene showed a concentration of I 105 ppm. Wilsont20) re-
ported three fatal cases in a plant where the average con-
centration of benzene vapor was 100 ppm. In a fifth room,
associated with benzene poisonin, Greenburg'101 found 11
to 57 ppm. So far as can be detemined the lowest mea-
sured concentration of benzene apor associated with a
fatal case of benzene intoxication (due to aplastic anemia)
was the 60 ppm reported by Hard' and Elkins in 1948,1211 ifl
a plant where repeated air analyses were made, and a num-
ber of other workers showed som'e blood abnormalities.

Blaney'22' found little evidence lof benzene intoxication
in a group of 90 workers regularlyi exposed to benzene for
about 13 years. Concentrations wee generally low, but uri-
nary phenol measurements indicated some exposures of
the order of 25 ppm.1231 A followup several years later
showed no evidence of persistirg blood dyscrasias. No
cases of leukemia are known to have occurred in this
group of workers. Pagnotto et alt241 found workers in rub-
ber spreading operations involvirg naphtha with a rela -

lively high benzene content expdsed to benzene in con-
centrations which were for the mot part between 6 and 25
:)pm. A number of blood studies showed a few abnormali-
ties but only two were seious to u/arrant special consider-
ation. In one case the possibility f leukemia was raised,
but on being removed from his job and given iron therapy

38

the worker recovered. Because of several job changes his
benzene exposure could not be reliably estimated.

The other worker was in a group studied intensively
over a period of several years by Pagnotto.1251 He had a red
count below four million, a hemoglobin below twelve
grams and suffered from nose bleeds. His benzene expo-
sure, as estimated from several urinary phenol determina-
tions, was to about 40 ppm. After his exposure to benzene
was terminated, his blood picture gradually returned to
normal. The 38 workers in this plant were followed up for
15 years after the use of naphtha containing benzene was
discontinued. None showed any signs of permanent blood
abnormalities. There were three deaths, none being from
leukemia. It was concluded that 25 ppm of benzene vapor
is safe for most workers, but that since the margin of safety

is small, a TLV of 10 ppm was recommended.125) Elkins(26) in
a summary of the findings in the rubber spreading industry,
came to a similar conclusion.

These conclusions were consistent with those of
Fuchs127t in 1969, who found variations in the blood pic-

tures of three workers but did not consider that the
changes were proved to result from their benzene expo-
sures of 19, 28 and 43 ppm, respectively. He also stated that
he could find no data in the literature on proved benzene
poisoning in concentrations below 16 ppm, nor could he
find any Soviet report which cited reasons for decreasing
the Russian MAC to 6 ppm.

Two investigators have studied the effects on rats of
exposures at relatively low levels of benzene 'vapor extend-
ed periods. Deichmann et a1t28) found that after S to 8
weeks of 5 hour/day, 5 days/week exposure at 44 and 47
ppm, rats developed a moderate degree of leukopenia, but
that none resulted from 15 to 31 ppm. Nau et all291 found a
decrease in the white blood cell counts of rats following
756 hours of exposure at 50 ppm of benzene on a schedule
of B hours/day, S days/week. Reduced amounts of DNA in
the white cells, a depression in myelocytic activity, and an
increase in the relative numbers of red cell precursors in
the bone marrow were also observed.

There have been numerous reviews of the literature of
benzene intoxication. Noteworthy are those of the Na-
tional Academy of Sciences in 19761°) and the NIOSH
criteria document on benzene, published in 1974.131) As a
result of this extremely thorough review, NIOSH recom-
mended a workplace time weighted average standard of 10
ppm, with a ceiling of 25 ppm.

in 1976, however, NIOSH issued a revised recommenda-
tion for an occupational exposure standard for benzene.32'

'The key to this recommendation is the statement in the
introduction that "Because it is not at present possible to

establish a safe exposure level for a carcinogen, the NIOSH
recommendation is to restrict exposure to very low levels
which can St ill be reliably measured in the workplace." A
number of references are given, primarily to support the
characterization of benzene as a carcinogen (leukemogen).
Thus most relate to leukemia cases associated with heavy
benzene exposures, either measured or inferred from asso-
ciation with numerous cases of aplastic anemia or other
blood dyscrasias. Others are epidemiologic studies on can-
cer in which no evidence of the degree, or even fact, of
benzene exposure is cited. Thus in at least two of these
papers,13334' the word "benzene" does not appear. ln.these
and other papers the incidence of various types of cancer.
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exposure standard, insofar as the' TLV can be defined as
such a standard. There is little eidence that exposure to
benzene at concentrations below 25 ppm causes blood
dyscrasias of any kind. Setting the TLV at 10 ppm, as a time-

veighted average, provides an added margin of safety.

lithe standard is to be set at the lowest practicable de-
tectable limit, it is the opinion o some members of the
Committee that a value lower than1 1 ppm should be select-
ed. In the absence of interfering substances benzene vapor
can be measured with reasonable accuracy in concentra-
tions at least as low as 0.1 ppm; in the presence of certain
interferences, it may be difficult to achieve the prescribed
accuracy and reliability even at concentrations somewhat
above 1 ppm.

Because the effects the Tt.V is designed to prevent are
chronic ri nature, a ceiling designation is not appropriate
and a STEL of 25 ppm is recommended.

Other recommendations: ANSI (1969) 10 ppm; Czecho-
slovakia (1969) 16 ppm; USSR (1972) 1.6 ppm; DDR (1973)
16 ppm; Sweden (1975) 10 ppm; BRD (1974) 0 ppm (treats
as carcinogen).
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50 to 10 ppm has been adopted and a STEL of 15 ppm is
recommendated. I

Other recommendations from a 1977 listing: West Ger-
many, Sweden, Switzerland, 20 ppm; Czechoslovakia, East
Germany, Romania, Yugoslavia, 12 ppm; Poland, U.S.S.R.,
2.5 ppm; others, including Japa, and the Council of Europe
retained the 50 ppm value. In 1978 Sweden reduced its
TWA to 5 ppm, and in 1.979 Wst Germany added the de -

signatton of potential carcinogn, but retained the 20 ppm
MAK. I
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ETHYLENE GLYCOL

CH2OHCH2OH
Vapor and Mist

CEILING LIMIT, 50 ppm ( 125 mg/rn3)

Ethylene glycol is a clear, coorless, syrupy, hygroscopic
liquid with a sweet taste, but without odor, It has a mo/ec-
u/ar weight of 62.07 and, at 20°j C, a specific gravity of 7.1
135 and a vapor pressure of a06 mm Hg. At this tempera-

ture, its saturation in air is 0.W79% (79 ppm); at 25° C, how-
ever, its saturation is aol3l% r 131 ppm and thus, can
exceed the TLV. It melts at .-13' C, boils at 197.6° C, has a
high flash point of 240.8° F, an autoignition temperature of
775° C and is combustible. Ethylene glycol is miscible with
water, alcohol and ether.

It is used as an antifreeze iri heating and cooling sys-
tems, an industrial humectant and as a solvent in the paint
and plastics industries.

The low vapor pressure of ethylene glycol virtually pre-
cludes excessive exposure to the vapors at room tempera-

ture. Exposure to vapor and mists of ethylene glycol is pos-
sible, however, at elevated temperatures, and adverse
effects have been reported frorr exposure to mists.

The available toxicologic data were summarized in 1962
by Pat iy,(1) who concluded that 100 ppm (250 mg/rnJ) was
an acceptable level for repeated, daily exposures to the
vapor If repeated, prolonged, exposures are limited to 100
ppm the likelihood of systemic! or eye injury is quite re-
mote. Troisi12t describes nystagmus in excessively exposed
workers, but did not report irritation.

In 1970, Coon et afl3 reviewed some of the available
data and described exposure of'rats, guinea pigs, rabbits,
dogs and monkeys at 10 and 57 mg/m3 eight hours/day,
five days/week for 30 days. No adverse effects resulted
from these exposures. However, this group also exposed
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animal. 24 hours per day for 90 days at a concentration of
12 mg/rn3 and reported moderate to severe eye irritation in

rabbits and rats. Wiley et al(t exposed animals at 350-400
mg/rn3 (estimated) essentially saturated vapor concentra-
tions 8 hours/day for 16 weeks without producing an ef-
fect. They14' apparently exposed animals to an atmosphere

generated by bubbling air through a liquid sample. Coon et

afl31 metered liquid ethylene glycol, and then aspirated me-
tered liquid into the airstream without heat. The reasons
for the marked differences in findings between these two

groups of investigators is not known.
In a study with human volunteers15t exposed 22-20 hr/

day at a mean concentration of 12 ppm or about 30 mg/rn'
of ethylene glycol for about four weeks, there were some
complaints of irritation of the throat, mild headache and
low backache, but on the whole, the exposure was very

well tolerated. The complaints became marked when the
concentration of ethylene glycol within the exposure

chamber was raised above 140 mg/rn3 for part of a day.

The most common complaint was irritation of the upper
respiratory tract. The symptoms seemed to correlate well
with the concentration of ethylene glycol in the ambient
air. Concentrations of about 80 ppm or more were intoler-
able, with a burning sensation along the trachea and a
burning cough. The irritative phenomena became common
when the concentration was raised to about 60 ppm.

The above study'5' used aerosolized ethylene glycol. At
the higher levels considerable amounts of mist are be-
lieved to have been present. The quantity of particulate
inhaled when concentrations were well below that needed
to saturate the air (131 ppm at 25° C, considerably higher at
body temperature), is not known. The analytical method
did not distinguish between mist and vapor.

It seems impractical to establish separate TLVs for vapor
and mist for a liquid with the volatility and toxicity of ethy-
lene glycof. A change to a ceiling of 50 ppm, for mist and
vapor combined, is recommended to minimize irritation of
the respiratory passages.
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lene chloride continued after exposure ceased. This sol-
vent -induced COHb is apparently added to the body bur-
den of carbon monoxide derived from other sources.

This study corroborated previous single exposure stud -

es in that no deleterious effects upon the health or perfor-
mance of healthy adults could be detected when they
were repeatedly exposed to 250 ppm or less for 7.5 hours
per day, five days per week forl2 weeks, or in the case of
the male subjects, to 500 ppm on two consecutive days.14)
Among the parameters studied were complete blood
count, clinical chemistry (SMAI12), EKG, serum triglycer -

ides, blood pressure, subjective igns and symptoms, urina-
lysis (Combistix) urinary urobilinogen, neurological tests,
EEC, visual evoked response, puimonary function and cog-

native, alertness, time estimation, coordination, arithmetic
and inspection tests.

The increase in COHb was related to the magnitude of
the vapor exposure. Both duratibn of exposure and vapor
concentration were factors. Sevei and one-half hour expo-
sures to concentrations as low as 100 ppm for 5 days result-
ed in COHb elevations about 5 percent in nonsmokers.
The odor was not objectionable t 250 ppm and many sub-
jects could not detect it at 50 or 100 ppm.

Since the toxic effects of methylene chloride are due in
part to its conversion to carbon monoxide, they would pre-
sumably be augmented by the presence of carbon monox-
ide in the air. Poder er a!t151 found the effects of CO and
the COHb from methylene chlcride to be additive in 3 -

hour exposure tests with rats. Therefore, whenever there is
a combined exposure to the vap&s of methylene chloride
and carbon monoxide, the appropriate equation for mix-
tures should be used, in determining whether or not the
exposure is acceptable.

A time-weighted average TLV of 100 ppm is recom-
mended for methylene chloride in the absence of occupa-
tional exposure to carbon monoxide. This recommenda-
tion is based upon experimental data obtained from non-
smoking males at rest, and should keep COHb levels well
below 5 percent. A STEL of 500 pp'm is recommended since
data indicate that neither undesirable CNS responses nor
COHb values are likely to occur with such exposures to
methylene chloride.1411°1 Concurrent exposure to other
source of carbon monoxide or phsicaI activity will require
assessment of the overall exposur& and adjustment for the
combined effect. I

Other recommendations: NIOSH (1976) 75 ppm; West
Germany (1979) and Elkins (1959) 200 ppm; ANSI (1969) 500
ppm; USSR (1970) 15 ppm; East Germany (1973), Romania
(1975), Yugoslavia (1971) and Czchoslovakia (1976) 140
ppm; Sweden (1974) 100 ppm; otters 200 or 250 ppm.
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TOLUENE-2,4-DUSOCYNATE

TO'

CH3çH3(NCO)2 I

TI.V, 0.005 ppm ( 0.04 ing/m3)

STEL, 0.02 ppm ( 0.15 mg/rn3)

TO! is a liquid at room temperature with a sharp pun-
gent odor. The molecular weight is 174.16. The two com-
monly used isomers are 2,4-toluene diisocyanate and 2,6-

toluene diisocyanate, commercially available in the follow-
ing three ratios: 1) 1W% 2,4; 2) 80% 2,4:20% 2,6; 3) 65%
2,4:35% 2,6. The 80% 2,420% 2,6 mixture represents over
95% of the industrial usae and has the following proper-
ties: at 25° C, specific giavity 1.22 and vapor pressure 0.5
mm; boiling point 2.50° C freezing point 20-22° C; closed
'-up flash point 270° F. TDI is miscible with alcohol, ether,
acetone carbon Ietrach!o'ride, benzene and kerosene.

IDI is one of the isccyanates most employed in the
manufacture of polyuretlane foams, elastomers and coat-
ings. The foams are widely used in furniture, packaging,
insulation and boat building, and have many other applica-
tions. Polyurethane coatings have many desirable proper-
ties, on leather, wire, tank linings and masonry. Elastomers
are abrasion and solvent resistant and are used in adhe-
sives, films and linings, nd in abrasive wheels and other
mechanical items. I

Studies in animals by Zapp(1) showed that this isocya-
nate has a low oral toxidty (approximate lethal dose 5.8
g/kg) but a high toxicity by inhalation. One to two ppm for
30 six-hour exposures resulted in tracheobronchitis. The
LC for three rodent species for a tour-hour exposure ap-
proximated 12 ppm, acc&ding to Duncan et al.(2) The ani-
mals died of pulmonary dema and hemorrhage. Effects on
the liver, kidneys and gastrointestinal tract were also noted,
and dermal effects occurred. Repeated daily six-hour expo-

ures at 0.1 ppm were reported to cause chronic inflamma-
tion of the tracheo-bronchial mucosa with fibrosa obliter-
ans as the terminal lesiàns.() A fever reaction in animals
following intravenous in'jection of 0.02 mg/kg was report-

ed by Scheel et al.(4)

IDI is an irritant causing inflammation and occasional
sensitization of the skin, lacrimation, smarting, burning
and prickling sensation t the eye; abdominal distress, nau-
sea and vomiting, but thb major effect is on the respiratory
tract.t1. I

One type of respiratory response is irritation, indicated
by a burning nose andi throat, and a choking sensation.

With high concentrations this may lead to chemical bron-
chitis with severe bronchospasm.t6) With sufficient expo-

sure any person will experience these effects even on first
exposure.(7) Chemical pneumonitis, pulmonary edema,
headache, insomnia have also been reported.

A second respiratory response to TDI is that of sensitiza-
tion. Some individuals become sensitized on first exposure
while others may develop symptoms after exposure over
days, months or years. Other workers have had only mini-
mal or no respiratory symptoms for several months of low
level exposure, then suddenly develop acute asthmatic
reaction to the same level.

The nature of the sensitization process is unknown and
many authors have referred to it as allergy, and to the respi-
ratory response in sensitized people as true asthma, com-
parable to asthma excited by pollens and other exo-aller-
gens. Some TDI sensitized people however, have no
history of prior allergic disease.

In a 1963 review Brugsch and EIkinst8) noted reports of
318 cases of TDI intoxication prior to 1961, including two

deaths. In most instances data on exposure levels were
lacking. Walworth and Virchow,C9' however, reported 83
cases in a plant where the average TDI concentrations
ranged from 0.01 to 0.16 ppm. The maximum incidence of
cases occurred when the average concentration of vapor
was around 0.1 ppm; very little trouble was noted at 0.01
ppm. Hama(10) found TDI vapor levels of 0.03 to 0.07 ppm

associated with a high incidence of illness, but no cases
were observed from concentrations below 0.03 ppm.
Munn(11) considered the 0.1 ppm limit too high.

Elkins et all'2) reported 42 accepted or established cases
of TDI intoxication, and 73 questionable or disputed cases,
among workers in 14 plants in Massachusetts between 1957
and 1962. In 14 of the accepted cases the average TDl vapor

concentration found in the workroom was about 0.03 ppm,
with very few samples showing more than 0.05 ppm; in 11

cases the average concentration was 0.015 ppm; in 9 cases
levels below 0.01 ppm were found; in the remainder mea-
surements representative of worker exposure could not be
made. The authors recommended a liv of 0.01 ppm.

According to Thompson and Scheel,") studies with rats

support the probability that lung reactivity to TDl is due to

chemical damage and not antibody reactions. Markham
and Fishburn('4) reported that workers were affected by

concentrations generally below 0.02 ppm. Bruckner et a!
described a study of clinical and immunological factors
which tended to support the former TLV of 0.02 ppm.(')

A third type of respiratory response to TDI is that of
acute and chronic decrease of ventilatory capacity mea -
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m-XYLENE a, a'-OPAM!NE

MXDA

çH4(CH2N H2)2

Skin

CEILING LIMIT, 0.1 mg/rn3

MXDA is a colorless liquid with a molecular weight of
136.19. It boils at 247° C and solidifies at 141.1° C. With a
measured vapor pressure of 15 mm at 145° C, the ca/cu/a t-

ed vapor pressure at 25° C is about 0.03 mm Hg. it has a
open cup flash point of 273° F and is miscible with water
and alcohol, but only partially soluble in paraffin hydrocar-
bon solvents.

Polyamide fibers and resins made from MXDA have a
number of useful properties. It is also used as a curing
agent for epoxy resins, and as a source of m-xylylene diiso-
cyanate.

Two studies have indicated it to have a rather low oral
acute toxicity to the rat (1500 and 930 mg/kg, respective -

ly,(')but,to be strongly irritating to the skin.A dermal LDs of
2000 mg/kg was found for rabbits.12) The undiluted com-
pound was corrosive to the skin of guinea pigs, and a 50%
emulsion in an acetone-dioxane mixture was severely irri-
tating, but little effect was producd by a concentration of
10%.(1) A 10% aqueous solution, however, caused severe
erythema and irritation, yet repeated application of a 5%
concentration was needed to produce swelling and red -

ness.tz)

XYLIDINE
-

(CH3)2çH3NH,

Skin

TLV, 2 ppm ( 10 mg/rn3)

STEL, 10 ppm ( 50 mg/rn3)

Xylidine is a pale yellow to brown liquid with a molecu-
lar weight of 121.18. Commerica xylidine, a mixture of
isomers, has a specific gravity of 0.97 to 0.99 and a boiling
range from 213 to 226° C. It has a flash point of 202° F and
a reported vapor pressure of < 1 mm Hg at 20° C. Sparingly
soluble in water, xylidine is miscible with alcohol and
ether.

It is a raw material in the manufacture of dyes, pharma-
ceuticals and other organic compounds.

In one study evidence of mild sensitization was found
following repeated application to guinea pig skin,1) but
this finding was not duplicated in the second investiga-
tion.(2)

Exposure of rats for one hour to an aerosol of MXDA, at

measured concentrations ranging from 1.74 to 6.04 mg/li -

ter, resulted in eye irritation, lacrimation and labored
breathing.(2) No deaths occurred during exposure, but sev-
eral animals died within 48 hours, and a few more later, up
to 14 days, the end of the observation period. Of the ani-
mals which survived, female rats showed reduced weight
gain, while that of males was near normal.

At necropsy macroscopic abnormalities were found
chiefly in the lungs, however changes in liver and kidneys
were also noted. The IC50 for a one hour exposure and 14
day observation period was 3.75 mg/I, or about 700 ppm.

In comparison with the better known phenylene di -
amine (q.v.), the dermal effects of MXDA seem similar,
but the oral toxicity appears less. By analogy, a ceiling
limit of 0.1 mg/rn3 is recommended for MXDA, until nore
information is available. At this concentration, the com-
pound should be largely in the vapor state.
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Von Oettingen and co-workers(') found that by oral ad-
ministration to dogs xylidine was less toxic than aniline,
and resulted in very much less methemoglobin formation.
Similar results were obtained by cutaneous application.
'With cats, however, xylidine and aniline were approxi-
mately equally toxic when applied to the skin, although the
former acted much more slowly.

Upon inhalation, the LC50 for seven hours for mice was
149 ppm for xylidine and 188 ppm for aniline.

Repeated exposure to xylidine at 45 ppm seven hours a
day for 20 to 40 weeks resulted in mortality among dogs.
cats and mice, but little or none among rats, rabbits, mon-
keys and chicks. Liver damage was noted in rats, cats, dogs
and mice.

Treon and associatest2t compared the toxicities of xyli -

dine and monomethyl aniline. The minimum lethal oral
dose for rabbits was 620 mg/kg; by intravenous injection
240 mg/kg was lethal for rabbits, and 120 mg/kg for cats. In
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APPENDIX D

Program Evaluation



XXII. PROGRAM SELF-EVALUATION

On the following pages you will find sixty-two questions with which you may evaluate your program.

The numbers found in the parenthesis after each question key it to the section(s) of the manual that can
help you rectify a "No" answer.

Subpart I - Personal Protective Equipment

Manual
Reference

1910.134 - Respiratory Protection Yes No (section #)

1. Are engineering controls being used when feasible to control
atmospheric contamination?

2. Does the employer provide respiratory equipment when
necessary?

_____ _____

I, ill, VI

3. Does the employee use the respiratory protection in accordance
with instructions and training he received? XVII, XX

4. Are there written operating procedures governing the selection
and use of the respirators? II

5. Are the respiratOrs selected for the particular hazard? VI

6. Does the employee receive training in the use of the respirator
and its limitations? VI -Xlll, XVII, XX

7. Are respirators assigned on an individual basis, when practical? II

8. Are respirators cleaned and disinfected on a regular basis?
(When used by more than one person - after each use;
individually assigned - after each days use). XXI

9. Are respirators stored in a convenient, clean and sanitary location? XXI

10. Are respirators checked during cleaning and deteriorated parts

replaced? XXI

11. Are respirators used for emergencies checked on a monthly
basis and after each use? II, XIV

1 2. Is there appropriate surveillance of the work area? III

- 13. Is the level of exposure to an employee maintained? II

14. Is there a continual evaluation of the effectiveness of the respir-
atory program? V

15. Before employees are assigned a task that requires the
employee to wear a respirator. is he checked to see if he can
perform the work and use the equipment?

______ _____

1 6. Is the medical status of an employee who wears a respirator
checked periodically? IV

17. Are the respirators approved by the U.S. Department of Health,
Education, and Welfare (National Institute for Occupational
Safety and Health) or the U.S. Department of the Interior
(Bureau of Mines)? VI

( YrJ eL 1¯ f2A' jij .(
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XXII. -Program Self -Evaluation

Manual
Reference

I Yes No (section #)

37. Is communications (visual, voice or signal line) maintained
between all individuals present in toxic or oxygen -deficient
atomspheres?

______ _____

X, XIV. XX

38. Are there emergency plans and proper rescue equipment
present? I X, XIV, XX

39. Are safety harnesses and safety lines or other equivalent
provisions for the rescue of persons using air line respirators
in atmosphers immediately hazardous to life or health used? X, XX

40. When persons are using air line respirators in atmospheres
immediately hazardous to life or health, is there at least one
standby man with suitable self-containing breathing
apparatus available at the nearest fresh air base for
emergencies?

______

_____ _______________

41. Is there frequent random inspection to assure that the respi-
rators are properly selected, used, cleaned, and maintained? XXI

42. Does the training of employees who use respirators include:
proper fitting; testing its face-piece -to-face seal; wearing in
normal air for a familiarity period and wearing it in a test
atmosphere?

______ _____

XVII, XVIII, XIX

43. Are employees instructed not to wear beards, sideburns, skull
caps, or temple pieces on glasses that project under the
respirator. (Reson: Cannot get a good seal between
respirator and 'face) XVI

44. Does the employe check the respirator after putting it on for
proper fit? XVIII, XIX

45. Are provisions made for people who wear corrective glasses
and also must use a respirator? XVI

46. Are employees instructed not to wear contact lenses with a
respirator? XVI

47. Are self-contained breathing apparatuses inspected monthly?
______

XI

48. Is a record maintained of inspection dates and findings of
respirators maintained for emergency use? II, XIV

49. Is replacement or repair of respirators done only by experienced
people with designated parts? xxi

50. Are reducing or admission valves or regulators adjusted or
repaired by the manufacturer or a trained technician? X, XI, XX

51. Is the location of respirators used for emergencies clearly
marked? XIV

52. Are employees instructed of the correct way to store respirators? XXI

53. Are checks made to see that employees are not storing respira-
tors in tool boxes or lockers without being in proper con-
tainers? XXI
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EVA

LTA

S.

5'

11. -Program Administration and Recordkeeping

EMPLOYEE RESPIRATOR ASSIGNMENT RECORD (FORM RP -3)

1. Plant Name __________________________ 2. Plant No. __________________ 3. Date -

4. Employee Name 5. Clock No. -

6. Job Title ________________________________________ 7. Work Location

RESPIRATOR ISSUE

8. Type of Respirator(s) to be issued

5'

9. To be used under the conditions specified here

10. Estimated frequency of cartridge/filter replacement or respirator replacement (disposable) - Air purifying respirators only

Hourly 0 Twice/shift 0 Daily 0 Weekly C Monthly 0 Other/specify i

I MEDICAL SURVEILLANCE

11. At this examination on no contraindications to the use of the equipment described in Item 8 have

been identified.

Physician's Signature

Re-Examination

Date

Comments

Physicians's Signature

D a t __________________

Comments _________

Contraindications: yes no _______

Contraindir.ations: yes no

Physicians's Signature

9



11. -Program Administration and Recordkeeping

RESPIRATdA1
RESPIRATOR USE AND MAINTENANCE RECORD

(FORM RP -4)

ID Number

Plant Name ______________________________________________ Plant No. ______________

Respirator Type

Manufacturer

p.

11

Model Number _________________________________ Date Placed in Service
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BKK CORPORATION 2550 237TH STREET ¯ P.O. BOX 3038 ¯ TORRANCE, CALIFORNIA 90510
(213) 539-7150

STATEMENT OF PROVISIONS FOR GAINING ACCESS

There is presently no indication that access to adjacent properties will be
required for obtaining liquid samples. This is because: adequate sampling
can be taken on site of any possible surface runoff; there is no evidence
of offsite leachate migration; and, there are no water wells in the area
that are suspected as being susceptible to contamination from the site.
Adjacent property owners are served by water supplied by water imported by
the Metropolitan Water District of Southern California.

Access to adjacent property for air quality sampling is available through
cooperative agreement. The South Coast Air Quality Management District has
for several years established sampling stations at various locations, and
there is no indication that additional access cannot be obtained if needed.

If additional sampling at or under adjacent properties becomes necessary
the procedures to be followed will consist of (1) personal contact of the
property owner by a BIK Corporation representative to explain the need for
sampling; 2) preparation of a written sampling plan to be submitted for
approval to the appropriate regulatory agencies and the property owner; (3)
BKK Corporation sampling in accordance with the approved plan, including
the provision of split samples for regulatory agency analysis.
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BKK CORPORATION 2550 237TH STREET ¯ P.O. BOX 3038 ¯ TORRANCE, CALIFORNIA 90510
(213) 539-7150

CERTIFICATE OF CONSISTENCY

In order to ensure that the plans set forth in this document are consistent
with and include such requirements for investigative activities as may be
required by the State of California Department of Health Services, and
other agencies with interest, BKK Corporation is circulating copies of this
document to the following organizations:

California Regional Water Quality Control Board

California Department of Health Services

United States Environmental Protection Agency, Region IX

South Coast Air Quality Management District

LeRoy Crandall and Associates

Mandeville and Associates

BCL Associates, Inc.

BKK Director of Landfill Engineering
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CONTRIBUTING CONSULTANTS 111111



BKK CORPORATION

J,4
2550 237TH STREET ¯ P.O. BOX 3038 ¯ TORRANCE, CALIFORNIA 90510

(213) 539-7150

LIST OF CONSULTING ASSOCIATES

LeRoy Crandall and Associates - Hydrogeologi

Glenn A. Brown California
California

Donald L. McCann California
California

Alice M. Campbell California
California

:al Evaluations

Registered Geologist
Certified Engineering Geologist

Registered Geologist
Certified Engineering Geologist

Registered Geologist
Certified Engineering Geologist

Mandeville & Associates - Landfill Gas System Analysis and Design

Richard T. Mandeville

Hugh A. Walker

Richard Prosser, P.E.

Williamson and Schmid - Civil Engineering - Surface Hydrology

Ted Hromadka, Ph.D., P.E. Registered Civil Engineer

BCL Associates, Inc. - Leachate
Assuranc

Robert L. Litzenberg, P.E.

James C. Crisp

James J. Severns

Charles R. Mazowiecki, P.E.

Cheryl C. Stewart

Registered Civil Engineer

Treatment, Safety, Sampling and Quality
Protocols, Landfill Master Plan

Registered Civil Engineer

Principal Scientist

Senior Scientist

Registered Civil Engineer

Environmental Scientist
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